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THE  GREAT  DROUGHT  OF  1893, 

AND  ITS  ATTENDANT  METEOROLOGICAL  PHENOMENA. 

By  FREDERICK  J.  BRQDIE,  F.R.Met.Soo. 


[Beceiyed  October  16th.~Bead  November  15th,  1898.] 

The  dronghi  which  prevailed  over  Eogland  and  the  neighbouring  parts  of 
the  Continent  daring  the  spring  and  early  summer  of  1898  was  so  excep- 
tionai^  both  as  regards  severity  and  duration,  that  little  apology  is  needed 
for  submitting  the  main  facts  of  the  case  to  the  notice  of  the  Society  on  this, 
the  earliest  available,  opportunity.  The  drought  itself  was  followed,  after  a 
long  showery  interval  in  July,  by  another  spell  of  fine  weather  in  August  and 
September,  so  that  one  was  at  first  tempted  to  extend  the  limits  of  the  present 
iuqoiry  np  to  Michaelmas.  On  reflection,  however,  it  seemed  quite  evi- 
dent that  a  wide  distinction  must  be  drawn  between  a  drought  and  a  mere 
deficiency  of  rain ;  and  as  the  former  characteristic  ended  with  the  close  of 
June  it  was  decided  to  confine  this  investigation  to  the  weather  of  the  four 
months  commencing  with  March.  July  was  decidedly  unsettled,  especially  in 
the  extreme  south  of  England,  where  the  rainfall  was  in  many  places  con- 
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Biderably  in  excess  of  the  average,  and  notwithstanding  all  the  'stibseqnent 
fine  weather  there  wae  nothing  worthy  of  the  name  of  a  drought  either  is 
August  or  September. 

The  various  elements  which  go  to  make  op  what  we  call  **  the  weather  '^ 
are  so  intimately  oonnected,  that  it  is  impoonble  for  cme  feature  to  diertinguisb 
itself  in  any  abnormal  maimer  without  the  others  being  also  affected  to  a 
greater  or  less  extent.  The  truth  of  this  was  abundantly  shown  during  the 
period  under  discussion ;  for  if  the  abseooe  of  rain  was  phenomenal,  the 
conditions  shown  by  the  barometer^  the  thermometer,  and  the  sunshine 
recorder  were  in  many  ways  no  lesa  vemarkablei  Barometiie  pressure  was, 
as  one  woold  naturally  expect,  greatly  in  excess  of  the  average ;  temperature 
was  also  high,  with  a  large  amount  oi  diurnal  range ;  and  the  duration  of 
sunshine  was  in  many  places  the  longest  on  record. 

Babombtbic  Pbebbube. 

In  endeavouring  to  trace  the  origin  of  the  drought  one  can  scarcely  &il  to  be 
impressed  with  a  sense  of  the  inadequacy  o(  our  knowledge  respecting  the  causes 
which  lead  even  to  the  greater  and  more  widespread  of  our  climatic  variations. 
We  may  say,  as  we  do  in  the  present  case,  that  the  general  character  of  the 
weather  is  governed  by  the  pressure  distribution,  but  here  we  must  stop. 
Any  attempt  to  go  further  and  to  discover  what  it  is  that  leads  to  the  forma- 
tion of  the  cyclones  and  the  anticyclones  lands  us  at  once  in  a  debatable  region 
from  which  the  mists  of  theory  have  not  yet  rolled  away.  For  the  pcesent  it 
is  sufficient  to  state  that  the  great  drought  of  1898  was  due,  so  far  as  can  be 
seen,  to  the  almost  constant  prevalence  of  large  anticyclonic  systems.  During 
the  four  months  under  discussion  no  fewer  than  eight  such  areas  were  ob* 
served  over  a  large  portion  of  the  United  Kingdom,  their  aggregate  duration 
extending  over  77  days  out  of  the  122  comprised  within  the  four  manths' 
record.  In  addition  to  these  cases  there  were  several  other  instances  in  which 
the  southern  portions  of  the  Kingdom  only  were  influenced  by  anticydoQea  whidi 
spread  over  from  the  Continent.  At  times  the  distribution  of  pressure  over 
our  Islands  became  cyclonic,  the  depressions  advancing  in  most  cases  from 
the  northward,  but  even  when  this  change  occurred  the  tendency  for  fine  dry 
weather  was  so  pronounced  that  the  showers  experienced  were  very  local,  and 
in  some  places  exceedingly  slight.  On  one  or  two  occasions  the  presenee  of 
a  definite  depression  over  our  southern  counties  was  altogether  unattended 
by  rain,  or  indeed  by  any  unsettled  appearance  of  the  sky.  The  leading 
characteristics  of  the  several  anticyclones  are  shown  in  the  following  notes, 
together  with  a  few  facts  req[»eeting  the  intervals  of  cyclonic  weather  which 
occurred  between  each  high  pressure  system. 

No.  I.  March  5-10.  An  anticyclone  of  moderate  size  spread  over  our  Islftnds 
from  the  westward  on  March  5th.  The  central  portion  of  the  system  remained 
off  our  soath-west  coasts  until  the  10th,  when  the  entire  area  moved  away  in  a 
fouth-easterly  direction  to  the  Mediterranean.  During  its  prevalence  the  wind 
over  our  Islands  varied  between  West  and  North-west ;  temperature  was  high 
generally,  but  the  nights  cold  ;  the  weather  was  very  dry  in  all  but  our  extreme 
northern  and  north- wertern  districts. 


Digitized  by 


Google 


BBODIE — THE  GREAT  DROUGHT  OP  1898.  8 

Marth  11-16.  Some  depressions  hitherto  observed  in  the  far  north 
now  spread  over  ns.  Westerly  and  South  westerly  winds  therefore  set  in 
generally,  with  lower  temperatures  and  with  showers  in  all  districts* 
Snow  or  sleet  was  fairly  general  on  the  16th  and  17th. 

No.  ir.  March  18  29.  This  system  advanced  over  our  Islands  from  the 
Atlantic  on  March  18tK,  and  was  at  first  of  moderate  size,  but  gradually  extended 
in  all  directions  until  it  finally  embraced  nearly  the  whole  of  Europe.  The 
central  area  lay  at  first  directly  over  the  United  Kingdom,  whence  it  moved 
eastwards  to  the  Netherlands  and  north-eastwards  to  Seandina\ia,  the  latter 
country  being  reached  on  the  24th,  Between  the  27th  and  29th  the  system 
moved  southwards  to  cenlral  Euroue,  where  it  partially  dispersed.  The  ^inds 
over  the  United  Kingdom  were  at  nrst  very  variable,  then  Easterly  ;  temperature 
was  hijjrh  in  the  daytime,  but  very  low  at  night ;  the  weather  was  fine  and  dry 
generally. 

March  30- April  L  Shallow  depressions  in  the  far  north  spread 
southwards,  and  Westerly  and  South-westerly  winds  again  set  in,  with 
showers  in  all  but  our  eastern  and  southern  districts,  where  the  weather 
remained  exceedingly  dry. 

No.  III.  April  1-14.  On  April  1st  two  anticyclonic  areas  appeared, — one 
over  Russia  and  the  other  off  our  south-west  coasts.  The  systems  afterwards 
incteaved  in  size  until  they  formed  one  lartre  anticyclone,  which  spread  over  the 
whole  of  Europe  by  April  5th.  After  the  9th  depressions  began  to  advance  over 
the  north  of  Scandinavia  from  the  westward,  and  the  anticyclone,  which  had  already 
undergone  several  modifications  in  form,  moved  slowly  southwards.  By  the  Idth 
its  influence  had  practically  disappeared  from  north-western  Europe.  The  winds 
over  our  Islands,  which  were  at  first  variable,  finMlly  became  Easterly.  Tempera- 
ture exhibited  great  fluctuations,  but  was  mostly  above  the  average,  sharp  night 
frosts  beins;  experiencctd,  however,  in  all  the  inland  districts.  The  weather  wai 
fine  and  bright  excepting  in  the  extreme  north,  and  even  there  the  rainfall  was 
below  the  normal. 

April  15-16,  Shallow  depressions  appeared  first  in  the  north  and 
afterwards  in  the  west,  and  showers  fell  in  all  the  more  western  and 
northern  parts  of  the  Kingdom. 

No.  IV.  April  17-28.  An  anticyclone  formed  over  the  North  Sea  on  April 
17th,  and  gradually  spread  over  a  considerable  portion  of  the  Continent.  After 
the  24th  depressions  appeared  over  France  and  Spain,  and  the  southern  portion 
of  the  high  pressure  system  gave  way.  The  weather  over  our  Islands  remained, 
however,  under  its  influence  until  the  28th,  when  the  anticyclone  apparently 
moved  away  to  the  Atlantic.  During  its  prevalence  the  winds,  though  rather 
variable,  were  mostly  from  some  Easterly  quarter.  Temperature  was  very  high, 
especially  on  the  19th  and  20th,  when  the  thermometer  rose  to  above  80°  in  many 
parts  of  England.  The  weather  was  very  fine  over  England  and  Ireland,  but 
gradually  became  unsettled  in  Scotland. 

April  29-May  2.    A  depression  first  spread  south  eastwards  from  our 

northern  coasts  across  the  North  Sea,  and  North-we&terly  winds  with 

showery  weather  set  in  generally.    On  May  2nd   another  disturbance 

passed  northwards  along  the  Irish  and  Scotch  coasts.       Decided  falls 

of  rain  were  experienced  in  the  we^^tern  and  northern  parts  of  the  United 

Kingdom,  but  in  the  south-eastern  districts  the  rainfall  was  slight  and 

very  local. 

No.  V.  May  3-13.    On  May  3rd  the  barometer  rose  generally,  and  a  large 

anticyclone  was  quickly  formed  over  the  whole  of  Europe,  its  central  area  being 

located  for  the  most  part  over  the  northern  countries.      After  the  10th  tlie 

system  became  reducea  in  size,  owing  to  the  appearance  of  depressions  in  the 

far  northern  and  also  in  the  southern  portions  of  Europe.     On  the  14th  the 

remaining  portion  of  the  anticyclone,  which  had  by  this  time  settled    down 

over  the  more  central  countries,  gradually  di.»«persed.    Durin«]j  its  prevalence 

the  winds  in  our  Islands  were  mostly  Easterly  ;  temperature  was  high,  though 

less  so  than  it  had  been  with  anticyclone  No.  IV.  ;    and  the  weather  was  flue 

and  dry  in  all  but  the  extreme  northern  and  north-western  districts. 
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A  rather  long  period  of  unsettled  weather  now  ensued,  during  which  a 
series  of  depressions  travelled  northward  along  our  western  coasts,  their 
Rpcondaries  in  many  instances  advancing  directly  over  the  United 
Kingdom.  Southerly  (South  east  to  South-west)  winds  prevailed  generally, 
temperature  remained  high  with  warmer  nights  than  had  been  experienced 
for  a  long  time  past ;  and  rainfall,  though  varying  greatly  in  different 
localities,  was  fairly  abundant  in  all  but  the  eastern  and  southern  parts  of 
the  Kingdom. 

No.  VI.  May  25- June  1.  The  sixth  anticyclone  advanced  from  the  Atlantic 
on  May  25th,  and  soon  spread  eastwards  over  the  entire  Kingdom,  lasting 
till  June  Ist.  The  central  portion  remained  for  the  most  part  off  our  western 
coasts,  and  the  prevailing  winds  were,  therefore.  North-westerly  or  Northerly. 
Temperature  fell  generally,  but  did  not  sink  much  below  the  normal ;  the  weather 
was  rather  showery,  with  thunderstorms  in  many  places. 

On  June  2nd  and  3rd  a  depression  passed  along  our  western  coasts 
occasioning  further  showers  in  most  parts  of  the  Kingdom.  In  the  east 
and  south  of  England,  however,  the  rainfall  was  slight  and  very  local. 

No.  VII.  June  4-12.  This  system  spread  over  our  Islands  from  the  south- 
ward  on  June  4th,  and  gradually  increased  in  size  until  it  covered  the  greater 
part  of  Europe.  After  the  10th,  however,  its  area  became  greatly  diminished, 
and  between  the  12th  and  ] 5th  it  almost  entirely  dispersed  over  Scandinavia. 
The  winds,  although  rather  variable  in  the  north  of  our  Islands,  were  mostly 
From  the  Eastward  ;  temperature  was  high,  and,  with  the  exception  of  one  or  two 
local  falls  of  rain  of  considerable  amount  (due  to  thunderstorms),  the  weather 
was  again  fine  and  dry. 

On  the  13th  and  14th  a  complex  area  of  low  pressure  spread  over  us 
from  the  southward,  but  with  the  exception  of  a  few  local  thunderstorms 
the  weather  was  not  materially  affected. 

No.  VIII.  June  15-19.  A  general  rise  of  the  barometer  took  place  on  June 
15th  and  16tli,  and  a  large  anticyclone  was  soon  developed  over  our  Islands  and 
the  greater  part  of  the  Continent.  After  the  17th,  however,  when  depressions 
spread  over  northern  and  eastern  Europe  from  the  northward,  the  system  became 
reduced  in  size  and  gradually  passed  away  over  the  Atlantic.  During  its 
prevalence  in  our  neighbourhood  light  variable  winds  were  general ;  temperature 
was  exceedingly  high,  maxima  varying  between  85°  and  90°  being  registered  in 
many  parts  of  Great  Britain.  The  weather  was  very  fine  until  the  19th,  when 
smart  thunderstorms  occurred  in  the  south  and  south-east  of  England. 

The  remainder  of  June  was  unsettled  and  showery,  with  a  temperature 
differing  but  little  from  the  normal.  On  the  22nd  and  23rd  a  well  marked 
depression  advanced  in  a  south-south-easterly  direction  over  the  northern 
and  eastern  parts  of  Great  Britain  and  occasioned  cool  Northerly  and 
North-westerly  winds  in  all  districts,  while  from  the  26th  to  29th  the 
weather  was  influenced  by  some  rather  large  disturbances  which  travelled 
across  the  more  northei*n  parts  of  our  Islands  from  the  Atlantic.  Quite 
at  the  close  of  the  month  another  large  anticyclone  was  again  developed 
over  western  Europe  and  remained  under  observation'  during  the  early 
days  of  July. 

One  of  the  most  important  features  in  connection  with  the  anticyclones 
whose  career  we  have  briefly  sketched  was  the  remarkable  manner  in  which 
they  developed  from  areas  of  moderate  size  into  huge  systems  which  fre- 
quently embraced  the  whole  of  Europe.  The  source  whence  the  feeding 
power  was  derived  suggests  questions  of  the  highest  interest,  for  it  is 
quite  certain  that  if  the  causes  which  lead  to  the  formation  and  movements 
of  anticyclones  were  clearly  understood,  we  should  have  a  very  important 
key  to  the  whole  chain  of  events  governing  our  weather  changes.  The  effect 
of  so  much  anticyclonic  weather  on  the  instrumental  records  is  shown  in  Table 
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I.,  which  gives  for  80  stations,  situated  in  various  parts  of  the  British  Islands, 
the  mean  barometric  pressure  for  each  of  the  four  months,  and  also  for  the 
period  as  a  whole,  with  its  difference  from  the  average  for  the  20  years  1871-90  • 
The  values  are  compiled  from  observations  made  at  8  a.m.  only,  but  exper- 
ience shows  that  the  mean  pressure  at  that  hour  differs  very  slightly  from 
that  derived  from  24  hourly  readings.  It  will  be  seen  that  there  was  in  each 
month  an  excess  of  pressure  in  all  parts  of  the  Kingdom. 

TABLE  I. -Mean  BABoarETBiCAL  Presbube  at  8  a.m.,  March  to  Jetke,  1893. 


Stations. 


Scotland,  N. 

Snmbnrgh  Head 

Wick 

Stomoway     

Scotland,  E. 

Nairn     

Aberdeen  

Leith 

England,  N.E. 

Shields 

York   

bpum  Head 

England,  E. 

Yannonth 

Cambridge     

Midland  Ooumtdss. 

Longbborougli 

Oxford    

Enqland,  S. 

London      

North  Foreland    . . . . , 

DuDgenesB     

Horst  Castle     ....... 

Scotland,  W. 

Ardrossan 

England,  N.W. 

Liverpool 

Holjhead 

England,  S.W. 

Pembroke 

Prawle  Point    

Ireland,  N. 

Malln  Head 

Donftghadee  , 

Belmnllet 

Ireland,  -S. 

Parsonstown 

Valencia    

Boche's  Point 

Channel  Islands. 

SoiUy 

Jersey    


March. 


p4 


Ins. 

29776 
2984.5 
29*869 

29*898 
29-937 
29-984 

30-01 5 
30-066 
30-050 

30'o89 
30-136 

30-119 
30149 

30-148 
30-127 
30-131 
30-159 

30-001 

30-093 
30-080 

30-121 
30-152 

29-971 
30-053 
30*032 

30*075 
30-106 
30*109 

30*124 
30-174 


In. 

+ 
025 
■052 
091 

088 
112 
131 

■135 
•158 

'154 

'169 
■195 

■187 
■19S 

-198 
•197 
■193 

•205 

•136 

•182 
■173 

-192 
-187 

•106 
-171 

•«57 

-150 
•181 
•182 

•177 
•213 


April. 


3  E  -a  ^ 


Ah 


^  > 


Ins. 

30-083 
30-11 1 
30-109 

30-128 

3o*»74 
30-179 

30-195 
30-207 
30-187 

30-180 
30*200 

30*207 
30*186 

30*179 
30153 
30-135 
30-148 

30*160 


187 
16 


30*148 
30*128 

30-143 
30-182 
30*166 

30-167 
30-153 


In. 

+ 
243 
263 
•285 

280 
316 
316 

•329 
•332 
324 

•308 
•320 

•328 

■302 

•301 
283 

271 
^77 

303 

•320 
■304 

•296 
-252 

-303 
•323 
-331 

•303 
299 


30*164-313 

30*096  -240 
30-107  235 


May. 


Is 


Ins. 

30*014 
30-010 
29-972 

30*001 

30-045 

0-036 

30*057 
30-074 
30-059 

30*063 
30-082 

30-081 
30-079 

30*079 
30059 
30-054 
30-071 

30*030 

30-065 
30-049 

30-047 
30-065 


In. 

+ 
•135 
-109 
•086 

•093 

-127 
-104 

•114 

-II2 
-103 

-096 

*io6 

*io8 
-098 

•098 
•089 
-084 
-089 

•095 

•104 
•093 

-086 
•073 


29*998  *073 
30*050  '103 
30*011  *o86 


30*029 
30*022 
30*038 


30-025  '051 
30-072  *o83 


-071 
-059 
•079 


Jane. 


^i 


Ins. 

29-942 
29-972 
29*952 

29*960 
29-980 
29-972 

29-983 
30*007 
29*987 

30*003 
30*019 

30*023 
30*021 

30*028 
29-997 
29-999 
30*023 

29-972 

30-002 
29*999 

30-016 
30-019 

29*981 
29*998 
30-003 

30*013 
30-031 
30*028 


In. 

+ 
•059 
-074 
-076 

•056 
•064 
-042 

•035 
•038 
■023 

•026 
•034 

•043 
•035 

-036 
-017 
•017 
-025 

-040 

-036 
•033 

*042 

•01 

•051 

*o5: 
•068 

*o4i 
•056 
•055 


rhe  Entire 
Period. 


Ph 


30-014  *oi  8 
30-0291*01 


Ins. 

*9*954 
29*985 
29-976 

29*997 

30*034 
30*043 

30*063 
30*089 
30*071 

30-084 
30*109 

30*108 
30-109 

30*109 
30*084 
30-080 
30*100 

30*041 

30*087 
30*072 

30*083 
30*091 

30*023 
30*071 
30*053 

30*071 
30*078 
30-085 


i* 


In. 

+6 
*i»5 
'>3S 

*I29 

'^^ 
•148 

•154 
-160 
•151 

•150 
*i63 

•167 
•158 

*i59 
-146 
-141 
-149 

•144 

-16 
-150 

•«54 
•131 

•13? 
•162 
*i6o 

•141 
•149 

•157 


30*065   '122 
30-0961*138 


In  March  the  difference  from  the  normal  was  slight  in  the  north  of  Scotlandi 
bat  considerable  elsewhere,  the  greatest  divergence  being  shown  in  the  extreme 
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south  of  England,  where  the  valnes  were  about  0*2  in.  above  the  average. 
At  Eew  there  have  been  only  two  years  since  1870  (1874  and  1875)  which 
had  a  higher  mean  pressure  in  March. 

In  April  the  excess  of  pressure  was  very  much  greater  than  in  March,  the 
difference  from  the  normal  amounting  to  more  than  three-tenths  of  an  inch 
at  a  considerable  number  of  the  stations.  At  Kew  the  mean  pressare  in  this 
month  was  the  highest  on  record  for  April,  though  not  much  higher  than  that 
in  1870.  The  unusual  height  of  the  barometer  was  all  the  more  remarkable 
when  we  remember  that  for  some  hitherto  unexplained  reason  April  has  a  lower 
mean  pressure  than  any  other  month  in  the  year. 

In  May  the  excess  of  pressure  was  very  much  less  than  in  April  and 
appreciably  less  than  in  March,  the  districts  with  the  largest  excess  being  the 
northern  and  eastern  parts  of  Great  Britain,  where  the  values  were  more  than 
a  tenth  of  an  inch  above  the  average. 

In  June  the  excess  was  less  marked  even  than  in  May,  being  less  than  five 
hundredths  of  an  inch  at  most  of  the  English  stations,  and  less  than  two 
hundredths  in  the  extreme  south. 


Fig.  1. 
Averaf^e  Distribution  of  Presanre,  March 
to  Junp,  for  the  20  years,  1871-90. 


Fia.  2. 

Distribution  of  Pressure,  March  to  June, 

1893. 


Taking  the  period  of  four  months  as  a  whole,  the  mean  values  showed  a 
large  excess  in  all  parts  of  the  Kingdom,  the  difference  from  the  normal  being 
greatest  (0-16  in.  or  more)  over  the  central  parts  of  England,  and  least  (0*12 
in.  or  less)  in  the  extreme  north  of  Scotland  and  also  in  the  Scilly  Islands. 
At  Kew  the  mean  for  the  entire  period  was  higher  than  any  observed  during 
a  similar  time  of  the  year  since  the  year  1870.  The  general  result  for  the 
four  moutlis  is  shown  very  clearly  in  Figs.  1  and  2,  the  isobars  in  which  are 
drawn  for  every  two  hundredths  of  an  inch.      Fig.  1  represents  the  average 
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distribution  basad  on  valaes  extending  over  the  23  years  1871-90,  and 
Fig.  2  the  distribation  of  mean  pressure  in  1893.  With  regard  to  the  actual 
values,  it  will  be  seen  that  the  line  of  highest  pressure  in  the  map  of  averages 
appears  only  as  the  line  of  lowest  pressure  in  the  chart  for  1898,  every 
isobar  in  the  latter  being  of  a  far  higher  value.  The  general  distribution  of 
preesore  shown  by  the  two  maps  is  also  very  different.  In  the  average  map 
there  is  a  moderate  gradient  for  South-westerly  winds  over  the  entire  King- 
dom, the  tendency  being  cyclonic  in  the  northern  but  anticyclonic  in  the 
southern  districts.  In  the  map  for  1893  the  South-westerly  gradient  is 
confined  to  the  more  northern  parts  of  the  Kingdom,  where  it  is  steeper  than 
usual.     Over  England  the  distribution  is  decidedly  anticyclonic. 

Tehpbbature. 

The  mean  temperature  was  above  the  average  for  the  20  years  1871-90  in 
each  of  the  four  months,  and  in  almost  all  parts  of  the  Kingdom,  the  excess  being 
upon  the  whole  greatest  in  April  and  May,  rather  less  in  March,  and  consider- 
ably less  in  June.  Taking  the  period  as  a  whole,  the  mean  temperature  over 
England  was  about  4^  above  the  average,  but  considerable  local  variations  were 
observed,  the  difference  from  the  normal  being  in  some  cases  very  little  more 
than  2?,  and  in  other  places  as  much  as  5°.  To  obtain  a  clearer  conception 
of  the  abnormal  temperatures  of  the  period  it  is,  however,  necessary  to 
analyse  the  records  a  little  more  closely,  the  mean  values  alone  giving  a  very 
inadequate  idea  of  the  influence  of  the  strong  anticyclonic  tendency  which 
prevailed  throughout  the  four  months.  In  the  winter  time  an  anticyclone 
is  accompanied,  as  most  persons  are  aware,  by  cold  weather,  and  in  the 
summer  time  by  warmth.  In  the  spring  and  autumn  the  anticyclone 
brings  us  a  combination  of  these  two  qualities,  and  so  in  the  period  under 
discussion  we  find  that  while  the  day  temperatures  were  mostly  very  high, 
the  nights  were  cold,  with  frequent  sharp  &osts  in  the  inland  districts.  The 
effect  of  these  conflicting  influences  is  shown  very  clearly  in  Table  II.,  where 
the  means  of  the  maximum  and  minimum  readings  taken  at  a  number  of 
stations  situated  in  various  parts  of  England  are  compared  with  the  average 
for  the  20  years  1871-90. 

A  careful  examination  of  the  table  shows  that  the  diurnal  range  was  not 
very  much  in  excess  of  the  average  in  May  or  June,  but  that  it  was  decidedly 
large  in  March,  and  still  larger  in  April,  when  the  anticyclonic  conditions  were 
most  pronounced.  The  difference  existing  between  the  range  of  temperature  in 
the  inland  districts  as  compared  with  that  on  the  coast  has  seldom  boen  more 
forcibly  illustrated  than  in  the  period  under  review.  Taking  the  month  of 
April,  for  example,  we  find  that  at  Cambridge  the  mean  of  the  daily  maxima 
was  more  than  11^  in  excess  of  the  average,  while  the  mean  of  the  minima 
was  0°*7  below  it.  At  Yarmouth,  in  the  same  district  but  on  the  coast,  the 
maximum  readings  were  only  a  degree  above  the  average,  while  the  minimum 
readings  were  also  above  the  normal.  The  maximum  readings  at  Cambridge 
were  in  fact  as  much  as  17^  higher  than  those  at  Yarmouth,  while  the  minima 
at  the  inland  station  were  more  than  4^  lower  than  those  on  the  coast.     The 
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mean  daily  range  at  Cambridge  anl  also  at  Stiathfield  Targiss  for  the  month 
of  April  was  over  80°,  or  more  than  12°  in  excess  of  the  average.  At 
Yarmouth,  however,  the  daily  range  was  normal,  and  at  the  other 
coast  stiitions  it  was  not  much  above  the  average.  The  same  feature  is  shown, 
though  in  a  less  marked  degree,  throughout  the  whole  four  months,  the 
mean  daily  range  for  the  eitiri  period  being  exceedingly  large — 2^  to  27° — 
in  the  midland  counties  and  at  most  of  the  inland  stations  in  the  east  and 
south  of  England,  but  comparatively  small — 10°  to  16° — in  nearly  all 
localities  in  proximity  to  the  sea. 

Bright  Sunshinb. 

The  main  facts  relating  to  the  sunshine  of  the  period  are  given  in  Table 
in.,  which  has  been  compiled  from  the  records  made  at  48  stations  situated 
in  various  parts  of  the  United  Kingdom.  The  table  gives  for  each  month 
and  for  the  entire  period,  firstly,  the  number  of  hours  of  bright  sunshine, 
with  the  di£ference  from  the  average  for  the  10  years  1881-90,  in  all  places 
for  which  such  an  average  exists ;  secondly,  the  percentage  of  the  possible 
duration ;  thirdly,  the  mean  amount  of  sunshine  per  day  ;  and  fourthly,  the 
number  of  days  on  which  bright  sunshine  was  entirely  absent. 

The  figures  show  that  in  March  the  amount  recorded  was  in  excess  of  the 
average  at  all  stations  excepting  those  in  the  west  of  Ireland  and  the  north 
of  Scotland,  the  excess  being  large  in  almost  all  the  English  districts,  and 
greatest  of  all  in  the  midland  counties.  The  percentage  of  the  possible 
duration  was  above  50  at  nearly  all  the  eastern,  central,  and  southern  stations, 
while  in  the  Channel  Islands  it  exceeded  60.  The  number  of  sunless  days 
was  smallest  in  the  midland  counties,  where  three  stations  out  of  five  reported 
only  one  such  occasion. 

In  April  the  total  number  of  hours  recorded  was  above  the  average  in  all 
districts,  the  excess  being  somewhat  small  in  Ireland  and  Scotland,  but  very 
large  over  England,  and  especially  so  in  the  eastern,  midland,  and  southern 
districts.  In  the  regions  last  mentioned  the  percentage  of  the  possible  amount 
was  considerably  over  60,  and  in  the  Channel  Islands  it  ranged  between  71 
and  72,  while  at  Westboume  it  rose  to  74.  At  the  Channel  stations 
generally  the  mean  daily  amount  of  sunshine  in  April  exceeded  9  hours,  the 
highest  proportion  of  all  being  at  Westboume,  where  the  sun  shone  brightly 
for  an  average  of  more  than  10  hours  per  day.  Less  than  two  sunless  days 
were  recorded  over  a  considerable  portion  of  England,  and  at  the  Channel 
stations  there  were  none  at  all. 

May  was  decidedly  less  sunny  than  either  March  or  April,  the  total  number 
of  hours  recorded  being  below  the  average  in  Ireland,  Scotland,  and  the  north 
of  England,  and  not  very  much  above  the  normal  even  in  the  southern  parts 
of  the  Kingdom.  Over  England  generally  the  percentage  of  the  possible 
duration  was  below  50,  and  in  the  more  northern  districts  it  was  mostly 
below  40.  At  some  of  the  Channel  stations,  however,  there  was  more  than 
half  the  possible  amount,  while  at  Guernsey  and  Jersey  the  percentage 
values  were  respectively  65  and  62.    In  the  south-west  of  England  sunless 
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days  were  rather  more  frequent  than  in  April,  but  in  our  eastern  and  southern 
counties  and  in  the  Channel  Islands  there  were  no  such  occasions.  Three 
out  of  the  six  Irish  stations  also  reported  an  entire  absence  of  sunless  days, — 
a  somewhat  remarkable  fact  when  we  remember  that  the  total  duration  for 
the  month  was  considerably  less  than  the  normal. 

June  was  far  more  sunny  than  May,  the  only  stations  showing  a  deficiency 
being  Aberdeen  and  Parsonstown.  In  the  eastern  and  midland  counties  of 
England  the  difference  from  the  average  was  not  very  large,  but  in  the 
southern  counties  the  excess  was  greater,  while  in  the  south-western  districts 
and  the  Channel  Islands  it  was  very  considerable.  The  percentage  of  the 
possible  duration  was  again  below  40  at  several  of  the  northern  English 
stations,  and  below  50  in  the  eastern  and  midland  counties.  In  the  southern 
districts,  however,  it  exceeded  50,  and  on  the  coasts  of  Devon  and  Cornwall 
it  exceeded  60,  while  at  Jersey  the  sunshine  again  amounted,  as  in  April,  to 
72  per  cent,  of  the  possible.  The  mean  amount  of  sunshine  per  day  was  as 
much  as  10*5  hours  at  Falmouth  and  11*0  hours  at  Newquay  and  Guernsey, 
while  at  Jersey  it  was  no  less  than  11*5  hours,  the  total  amount  registered 
during  the  month  at  the  last  mentioned  station  being  the  largest  ever  ob- 
served in  any  part  of  the  Kingdom. 

The  record  for  the  entire  four  months  is  given  in  the  last  five  columns 
of  the  table  and  also  in  a  more  graphic  form  in  the  map.  Fig.  8  (p.  14), 
which  shows  the  relative  prevalence  of  sunshine  over  different  parts  of  the 
country.  The  figures  on  the  map  give  for  certain  selected  stations,  firstly, 
in  italic  type,  the  number  of  sunless  days,  and  secondly,  in  ordinary  type, 
the  mean  daily  amount  recorded  during  the  whole  four  months. 

The  stations  in  Ireland  and  Scotland  are  not  sufficiently  numerous  to 
enable  any  very  correct  conclusions  to  be  drawn,  but  so  far  as  the  records 
go  they  show  that  the  percentage  of  the  possible  duration  was  below  40  in 
most  parts  of  those  countries,  the  lowest  value  of  all  being  22  per  cent,  at 
Fort  Augustus.  Over  the  northern  parts  of  England,  and  also  in  the  south 
and  east  of  Ireland,  there  was,  generally  speaking,  between  40  and  50  per 
cent,  of  the  possible  amount,  but  at  Manchester,  where  the  effects  of  smoke 
probably  came  into  operation,  the  percentage  value  was  as  low  as  88.  In 
nearly  all  the  more  southern  parts  of  England  and  Wales  the  percentage  was 
above  50,  the  only  exceptions  being  Greenwich  and  Margate ;  at  the  former 
station  there  was  only  44  per  cent.,  and  at  the  latter  48  per  cent.  On  the 
south  and  south-west  coasts  of  Englund  the  values  ranged  between  55  and  60, 
the  latter  figure  being  reached  at  Falmouth.  This  very  high  percentage  was, 
however,  considerably  exceeded  in  the  Channel  Islands,  the  value  both  at 
Guernsey  and  Jersey  being  no  less  than  67  per  cent. 

To  grasp  the  full  significance  of  these  facts  it  must  be  borne  in  mind  that 
if  the  sun  shines  during  a  whole  month  for  more  than  half  the  possible  time 
the  record  is  considered  a  remarkably  good  one,  a  percentage  of  60  or  more 
for  such  a  period  being  very  unusual  in  these  Islands.  During  the  period 
under  discussion  we  have  at  a  large  number  of  stations  on  our  south  and 
south-west  coasts  a  percentage  very  little  under  60  for  a  period  extending 
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over  four  months,  while  in  the  Channel  Islands  the  snn  actually  shone  during 
this  lengthy  interval  for  more  than  two -thirds  of  the  time  it  was  ahove  the 
horizon.  A  careful  examination  of  the  records  since  the  year  1881  shows 
no  such  spell  of  fine  weather ,  the  only  approach  to  it  heing  in  the  splendid 
summer  of  1887,  wlien  the  percentage  at  Jersey  for  the  three  months  June, 
July,  and  August  was  over  60.     The  value,  however,  for  that  period  was 


Fig.  8. 
Percentage  of  Bright  Sunshine,  March  to  Jane  1898. 

IJoxx. The  percentage  of  possible  sanshine  is  shown  by  the  thick  lines.    The  small 

figures  represent  the  namber  of  sanless  days,  and  the  ordinary  flgnres  give 
the  mean  daily  proportion  of  bright  sunshine. 

lower  than  it  was  this  year,  and  if,  to  make  the  comparison  complete,  we  add 
either  May  or  September,  as  a  fourth  month,  to  the  1887  record,  we  get  a  very 
much  smaller  percentage  than  that  given  in  the  period  under  discussion.  As 
regards  the  daily  proportion  of  sunshine,  it  appears  that  during  the  four 
months  there  was  more  than  7  hours  per  day  in  the  midland  counties,  about 
74  hours  in  England  East,  and  between  8  and  8^  hours  on  our  south  and 
south- west  coasts,  while  in  the  Channel  Islands  the  daily  proportion  for  the 
entire  period  was  no  less  than  9}  hours.     The  smallest  number  of  sunless 
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days  in  the  foar  months  was  2  at  Bouthampton,  Torquay  and  Guernsey, 
and  8  at  Rothamsted,  Dublin  and  Jersey,  but  many  other  stations  over  the 
flonthem  parts  of  the  Kingdom  reported  only  4  or  5  such  occasions.  In 
the  Channel  Islands,  and  also  at  Torquay  and  Plymouth,  there  was  not 
one  sunless  day  during  the  whole  of  April,  May,  and  June. 

Rainfall  and  tuk  Dbouoht. 
The  principal  facts  relating  to  the  rainfall  of  the  period  are  giveii  in 
Table  IV.,  which  has  been  compDed  from  the  retoms  furnished  by  78 
stations  situated  in  various  parts  of  the  United  Kingdom  and  published  in 
the  Weekly  Weather  Report.  At  the  commencement  of  the  inquiry  the 
author  was  tempted  to  avail  himself  of  observations  made  at  a  number  of 
additional  places,  but  on  further  reflection  it  appeared  that  while  the  inclusion 
of  these  would  probably  have  led  to  the  discovery  of  interesting  local 
peculiarities,  the  additional  labour  involved  in  the  search  would  have 
resulted  for  the  most  part  in  a  simple  accumulation  of  facts.  The  stations 
employed  are  fiurly  well  distributed  over  the  Kingdom,  and  the  general  survey 
they  give  of  the  actual  state  of  a£GEurs  seems  to  be  sufficiently  complete  for 
all  practical  purposes.  The  table  shows  for  each  month  and  for  the  entire 
period, — firstly,  the  number  of  rainy  days  experienced  at  each  station ; 
secondly,  the  total  fall ;  and  thirdly,  the  proportion  of  the  average  amount 
expressed  in  the  form  of  percentages.  The  averages  employed  are  mainly 
those  for  the  25  years  1866-90.  Statistics  relating  to  the  drought  are  also 
included  in  the  table.  An  explanation  of  the  method  on  which  these  figures 
are  drawn  up  will  follow  when  we  come  to  deal  with  the  drought  itself. 
For  the  present  it  will  be  sufficient  to  consider  the  question  of  the  ram. 

Rainfall. 

In  the  course  of  otu:  remarks  on  the  distribution  of  barometric  pressure 
attention  was  more  than  once  drawn  to  the  singularly  local  character  of 
many  of  the  rains  experienced,  some  localities  being  fiivoured  with  fidrly 
large  amounts,  while  neighbouring  places  escaped  with  but  a  slight  sprink- 
ling cr  perhaps  with  no  rain  at  aU.  This  peculiar  feature  in  the  weather  of 
the  period  comes  out  very  clearly  in  the  monthly  values  given  in  Table  IV. 
A  careful  examination  shows  that  in  nearly  every  month,  and  in  nearly  every 
district,  the  rainfall  at  one  of  the  stations  in  the  district  amounted  to  twice 
or  more  than  twice  that  recorded  at  some  other  station  in  the  same 
district,  while  in  many  instances  the  discrepancy  was  even  more  striking. 
Owing  to  these  local  variations  our  remarks  on  the  rainfall  of  each  month 
are  necessarily  of  a  somewhat  general  character. 

In  March  the  rainfall  was  below  the  average  at  all  but  one  of  the  78 
stations.  The  single  exception  was  Glencarron,  a  station  situated  in  one  of 
the  wettest  parts  of  Scotland,  and  here,  owing  to  one  or  two  heavy  falls 
which  took  place  during  the  early  part  of  the  month,  the  aggregate  amount 
was  nearly  half  as  much  again  as  the  average.  Most  of  the  other  stations  in 
the  same  district  (Scotland  N.)  had  three  quarters  or  more  of  the  normal 
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qnantity,  but  at  Stornoway  the  total  fall  was  only  49  per  cent,  of  the  average. 
In  the  west  of  Scotland  and  the  north  of  Ireland  the  rainfall,  thongh  less 
abundant  than  it  was  fiirther  north,  amonnted  to  more  than  half  the  average, 
the  largest  percentage  values  in  these  districts  being  77  at  Londonderry,  72 
at  Edenfel  (Omagh),  and  69  at  Glenlee.  At  Newton  Reigny  also,  situated  on 
the  borders  of  England  N.W.,  the  fall  amounted  to  75  per  cent,  of  the 
average.  With  the  exception  of  these  extreme  north-western  and  northern 
stations  the  rainfall  in  March  amounted  in  all  cases  to  less  than  half  the 
average,  while  over  a  considerable  portion  of  England  as  well  as  in  the  south 
of  Ireland  it  was  less  than  one  quarter  of  the  normal  amount.  The  driest 
station  of  all  was  Roche's  Point,  where  the  total  rainfall  (0*12  in.)  amounted 
to  only  8  per  cent,  of  the  average.  Next  to  this  came  Prawle  Point  with  9 
per  cent.,  Plymouth  and  Scarborough  with  10  per  cent.,  and  Oxford  with  11 
per  cent.  Over  a  considerable  portion  of  our  eastern,  central,  and  southern 
counties  there  was  no  rain  at  all  after  the  middle  of  the  month. 

In  April  the  absence  of  rain  was  upon  the  whole  fai'  more  striking  than  in 
March,  a  deficiency  being  reported  in  all  parts  of  the  Kingdom.  At  the 
extreme  northern  and  north-western  stations  the  deficiency  was  somewhat 
small,  over  60  per  cent,  of  the  average  being  reported  at  several  of  the 
stations  in  Ireland  N.,  and  over  80  per  cent,  at  three  out  of  the  seven 
stations  in  Scotland  N.  and  at  one  station  in  Scotland  W.  At  Nairn  (in 
Scotland  E.)  there  was  as  much  as  94  per  cent,  of  the  normal  quantity.  At 
many  of  the  stations  situated  in  the  north-west  of  England  and  the  south  of 
Ireland  the  rainfEdl  of  April  exceeded  that  of  March,  but  over  England 
generally  the  weather  was  very  much  drier.  Over  our  eastern,  southern, 
and  south-western  counties,  and  also  in  the  more  southern  parts  of  the 
midland  district,  the  total  fall  amounted  to  less  than  one  tenth  of  the  average, 
while  in  many  places  the  proportion  was  very  much  smaller.  The  driest 
region  of  aU  was  undoubtedly  the  extreme  south ;  at  Hastings  the  month's 
rainfall  amounted  to  only  0-02  in.,  and  at  Dnngeness  to  0<01  in.,  while  at 
the  North  Foreland  and  Hurst  Castle  there  was  no  rain  at  aU. 

In  May  the  weather  was  far  less  dry  than  in  either  March  or  April,  an 
actual  excess  of  rain  being  reported  at  several  stations  over  central  and 
northern  England,  as  weU  as  at  Glasgow  and  in  many  of  the  central  Irish 
districts.  In  the  east  and  south  of  England  there  was  again  a  large 
deficiency,  less  than  half  the  average  being  reported  at  the  majority  of 
stations.  The  driest  localities  of  all  were  Dungeness  with  22  per  cent,  of 
the  normal  amount,  Falmouth  with  24  per  cent.,  and  London  with  25  per 
cent. 

In  June  the  deficiency  of  rain  was  more  general  than  in  May,  the  only  district 
in  which  the  values  were  above  the  average  being  the  east  of  Scotland  ;  at 
Aberdeen  the  amount  was  nearly  double  the  normal.  At  the  majority  of 
stations  situated  in  the  central  and  southern  parts  of  England,  and  also  in  the 
west  and  north  of  Scotland,  the  amounts  were  less  than  half  the  normal,  the 
smallest  proportion  of  all  (12  per  cent.)  being  reported,  singularly  enough,  at 
Laudale  on  Loch  Sunart,  a  district  fatuous  for  heavy  'rains;     Over  England 


Digitized  by 


Google 


22  BRODDS — THK  OBBAt  DtCOUaHT  OF  l8dd. 

the  smallest  percentage  values  were  28  at  Dnngeness,  80  at  Jersey,  and  84 
at  Pembroke  and  SciUy. 

Taking  the  period  of  fonr  months  as  a  whole,  the  figures  show,  as  one 
would  naturally  expect,  that  there  was  a  deficiency  of  rain  in  all  parts  of  the 
Kingdom,  the  only  station  at  which  the  fall  approximated  to  the  average 
being  Glencarron,  where  the  percentage  reached  92.  In  the  east  and  south 
of  Scotland  the  fall  amounted  to  more  than  three-fourths  of  the  average,  and 
in  the  west  of  Ireland  it  was  not  very  much  short  of  the  same  proportion. 
The  districts  in  which  the  rainfall  failed  to  reach  one  half  of  the  average 
amount  comprised  all  the  more  southern  and  eastern  parts  of  England, 
with  the  extreme  south  of  Ireland  and  a  portion  of  Durham  and  Northumber- 
land. A  similar  deficiency  was  also  reported  in  the  west  of  Scotland,  at  the 
two  stations  Stomoway  and  Laudale.  Over  the  southern  counties  of 
England  generally  the  fall  amounted  to  less  than  one  third  of  the  average, 
the  only  stations  at  which  this  proportion  was  exceeded  being  those  in 
more  central  parts  of  Devonshire.  In  London  and  at  Oxford  there  was 
exactly  one  quarter  of  the  average  quantity,  while  at  Pembroke  there  was 
very  little  more  than  one  quarter.  The  driest  localities  of  all  were,  however, 
those  situated  in  the  extreme  south-east  and  south-west  of  England.  At 
Scilly  and  Fabnouth  the  total  fall  amounted  to  only  21  per  cent,  of  the 
average,  while  at  Dungeness  the  percentage  value  was  as  low  as  14,  the  fall 
for  the  whole  four  months  being  less  than  one  seventh  of  the  usual  quantity. 
The  smallest  number  of  days  with  rain  was  at  the  North  Foreland,  where  there 
were  only  18,  next  to  this  we  find  Hurst  Castle  with  20,  Southampton  and 
Scilly  with  21,  and  Hillington,  Dungeness,  Hastings,  and  Pra^e  Point 
with  28. 

In  order  to  test  the  truth  of  the  general  impression  regarding  the  very 
exceptional  character  of  the  period,  the  records  made  over  a  long  series  of  years 
in  London  and  at  Oxford  have  been  examined.  For  the  Metropolis  recourse 
has  been  had  to  the  Meteorological  Office  records  extending  back  to  the  year 
1865,  and  prior  to  this  to  the  Bainfall  values  for  the  London  district  published 
some  years  since  by  Mr.  G.  Dines.  The  latter  extend  back  as  far  as  the 
year  1818,  but  as  they  are  compiled  from  returns  kept  at  a  number  of 
stations  in  the  neighbourhood  of  the  Metropolis,  they  are  not  strictly  com- 
parable with  observations  made  at  a  single  station.  The  record  is,  however, 
generally  held  to  be  the  most  complete  and  reliable  one  in  existence.  For 
Oxford  the  records  published  by  the  Badclifie  Observatory,  which  extend 
back  to  the  year  1861,  have  been  used. 

The  London  record  for  more  than  80  years  past  fails  to  show  any  period 
of  four  months  at  any  season  with  so  small  a  rainfall  as  that  of  the 
present  year.  In  the  period  under  discussion  the  total  for  the  four  months 
in  London  was  only  1*88  in.,  the  nearest  approach  to  it  being  in  the  months 
of  October  1879  to  January  1880,  when  the  total  was  2'17  ins. 

The  Oxford  record,  for  42  years  past,  also  contains  no  such  an  amount  as 
that  recorded  in  the  period  under  discussion.  The  nearest  approach  to  it 
was  in  the  months  of  January  to  April  1892,  when  the  total  was  8^'50  ins.  ; 
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after  whieh  eome,  as  in  London,  the  four  moniha  October  1879  to  January 
1880,  with  a  total  of  2-54  ins.  In  1898  the  faU  was  only  1-85  in.  It 
seems  not  a  little  singular  that  one  of  the  driest  periods  on  record  should 
have  occnrred  in  1879,  a  year  whieh  was  remarkable  for  bad  weather,  and  in 
which  the  rainfedl  for  the  entire  twelve  months  was  largely  in  excess  of  the 
average. 

The  Dbouoht. 

The  drought  statistics,  given  in  Table  lY.,  are  drawn  up  on  the  basis  of  the 
definitions  laid  down  by  Mr.  Symons  in  British  RainfdU  for  the  year  1887* 
These  definitions  are  as  follows : — 

1.  Abiolute  Brought.  Periods  of  more  than  14  consecutive  days 
without  any  measureable  quantity  of  rain. 

2.  Partial  Drought.  Periods  of  more  than  28  consecutive  days  the 
aggregate  rainfall  of  which  does  not  exceed  0*01  in.  per  diem. 

In  addition  to  these  an  Engineer's  drought  was  defined  as  a  period  of 
three  or  more  consecutive  months  the  aggregate  rainfiedl  of  which  is  less 
than  one  half  the  average. 

Table  IV.  clearly  shows  that  an  Engineer's  drought  prevailed  to  a  greater 
or  less  extent  in  all  the  more  southern  parts  of  England,  as  well  as  at  some 
stations  situated  in  the  south  of  Ireland  and  the  west  of  Scotland.  In  many 
places  the  three  months'  limit  might  indeed  bo  multiplied  by  two.  In  London 
and  at  Oxford,  for  example,  the  deficiency  of  rain  was  prolonged  over  seven 
months,  the  total  fall  between  March  and  September  being  only  slightly  over 

48  per  cent,  of  the  average  at  Oxford,  and  rather  less  than  46  per  cent,  in 
the  Metropolis.  At  many  other  stations  in  the  south  of  England  the  rainfall 
of  July  was  sufficiently  heavy  to  terminate  the  long  drought. 

Turning  now  to  the  statistics  relating  to  the  drought  in  its  absolute  and 
also  in  its  partial  sense,  we  see  from  the  table  that  the  only  portions  of  the 
United  Kingdom  altogether  unaflfected  were  the  western  stations  in  Scotland 
N.  and  several  of  the  northern  and  south-western  stations  in  Ireland,  or, 
speaking  generally,  the  extreme  western  and  north-western  parts  of  the 
United  Kingdom.  At  two  of  the  stations  in  Ireland  N.,  viz.  Malin  Head  and 
Belmullet,  there  was  a  partial  drought  lasting  for  29  days,  while  in  the 
SheUands  and  Caithness  there  was  one  lasting  for  80  or  81  days.  Two  other 
stations  in  Ireland  N.  experienced  an  absolute  drought  continuing  for  15  or 
16  days,  and  a  partial  drought  lasting  over  80  days.  In  Scotland  E.,  and  in 
the  more  northern  and  eastern  parts  of  Ireland  S.,  the  drought  was  fairly 
general,  the  returns  from  the  former  district  showing  in  many  cases  an 
absolute  drought  extending  over  15,  and  a  partial  drought  lasting  over 
85  days  ;  at  Leith  there  were  two  partial  droughts,  one  lasting  for  44  and  the 
other  for  29  days.  In  the  northern  and  eastern  parts  of  Ireland  S.  there  were 
one  or  two  absolute  periods,  and  at  Roche's  Point  as  many  as  three,  tlio 
partial  spells  extending  over  periods  ranging  from  81  days  at  Parsonstown  to 

49  at  Dublin.     Most  of  the  stations  in  Scotland  W.  experienced  an  absolute 
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drought  for  15  days,  and  a  partial  drought  raaging  in  most  cases  between 
29  and  81  days.  At  Douglas,  Isle  of  Man,  however ,Jthere  were  two  partial 
periods, — one  of  48  and  the  other  of  81  days.  In  England  N.W.  three 
stations  out  of  the  seven  had  aa  absolute  drought  lasting  for  15  days,  while  at 
another  station  (Blackpool)  there  was  one  absolute  period  of  29  and  another 
of  18  days.  The  partial  drought  in  England  N.W.  varied  greatly  in  duration 
in  different  places ;  at  Stonyhurst  and  Manchester  there  were  only  80  days, 
but  at  Newton  Beigny  there  were  as  many  as  61,  while  at  Blackpool  there  was 
one  period  of  69,  followed  afber  a  week's  interval  by  another  of  82  days. 
Similarly  large  variations  were  reported  in  the  north-east  of  England,  for 
while  four  stations  out  of  the  six  escaped  an  absolute  drought,  one  other 
station  had  19  days  without  rain,  and  another  station  as  many  as  29  days. 
All  parts  of  the  district  reported  a  partial  drought,  the  number  of  days 
ranging  from  45  at  Alnwick  Castle,  and  46  at  York,  to  79  at  Spurn  Head, 
and  to  75,  followed  by  another  80  day  period,  at  Shields. 

Coming  now  to  the  districts  more  seriously  affected,  we  find  in  the  first 
place  that  in  the  midland  counties  six  stations  out  of  eight  experienced  an 
absolute  drought,  the  number  of  days  ranging  from  15  at  Hereford  and 
Cirencester  to  80  at  Oxford.  At  Loughborough  there  was  one  period  of  29 
days  between  March  and  April,  and  another  period  of  17  days  in  June.  The 
partial  drought  lasted  in  most  places  from  75  to  79  days,  while  at  Lough- 
borough and  Churchstoke  this  very  long  period  was  supplemented  by  a  shorter 
one,  which  continued  respectively  for  82  and  29  days. 

In  the  east  of  England  all  stations  were  affected  both  in  an  absolute  and 
also  in  a  partial  degree.  At  Yarmouth  the  length  of  the  absolute  drought 
was  only  15  days,  but  at  all  other  stations  it  exceeded  20,  and  at 
Hillington  it  reached  80  days.  At  Bothamsted  there  was  one  long  period  of 
24  followed  by  a  shorter  one  of  15  days.  The  partial  drought  in  the 
eastern  counties  lasted  for  over  80  days  at  four  out  of  the  five  stations,  the 
longest  spell  being  at  Hillington,  where  it  extended  over  92  days. 

In  the  south-western  counties  of  England  the  drought,  though  less  con- 
tinuous than  in  the  eastern  districts,  was  upon  the  whole  rather  more  severe. 
In  place  of  one  long  period  of  intensely  dry  weather,  there  were  in  most  cases 
two  or  three,  each  lasting  for  15  or  20  days.  At  Falmouth  there  was 
one  absolute  drought  of  15  days  in  March,  followed  by  another  of  28 
in  April,  and  by  a  third  of  20  between  May  and  June.  The  partial 
drought  was  also  divided  by  intervals  of  copious  rainfall,  excepting  at  Falmouth, 
where  it  lasted  continuously  over  a  period  of  118  days.  In  most  of  the  cases 
there  was  one  long  drought  lasting  between  50  and  70  days  in  the  early  part 
of  the  period,  followed  by  a  shorter  one  of  about85  days  between  the  months 
of  May  and  June. 

The  district  most  affected  was,  however,  undoubtedly  the  south  of  England, 
or  rather  that  portion  of  it  bounded  by  Dorsetshve  in  the  west,  ^Wiltshire, 
Berkshire^  and  Middlesex  in  the  north,  and  Kent  in  the  east.  In  an 
absolute  degree  the  severity  of  the  drought  varied  in  different  localities, 
some  places  being  exposed  to  one  long  period  of  rainless  weather,  while  others 
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experienced  two  or  even  three  spells  of  a  shorter  daration.  The  longest 
absolute  period  was  at  Hnrst  Castle,  where  there  were  59  consecntive  days 
without  rain,  next  to  which  comes  the  North  Foreland  with  54.  At  Donge- 
ness  and  Hastings  the  absolute  drought  would  have  lasted  as  long  as  at  Hurst 
Castle  had  it  not  been  for  some  showers  which  fell  on  April  16th  ;  at  the  former 
station  these  only  yielded  0*01  in.,  and  at  Hastings  0*02  in.,  but  they  were 


Fza.  4. 
Proportion  of  average  amount  of  Bainfall,  March  to  June  1893. 

NoTS.~The  percentage  of  the  average  amonnt  of  Bainfall  (in  percentage  form)  is 
shown  by  the  thick  lines.  The  small  figures  show  the  duration  in  days  of 
the  longest  absolute  drought,  and  the  ordinary  figures  give  the  duration  of 
the  longest  partial  drought. 

quite  sufficient  to  interrupt  the  rainless  period,  which  would  otherwise  have 
lasted  for  59  and  58  days  respectively.  In  London,  and  also  at  Strathfield 
TurgisB,  Southampton,  and  Stowell,  the  longest  period  of  rainless  weather  lasted 
for  80  days,  but  in  the  Metropolis  it  was  followed  in  June  by  another  spell  of 
15  days.  The  period  of  partial  drought  was  also  interrupted  in  many  cases  by 
some  copious  rains  which  fell  during  the  latter  part  of  May.  At  four  stations  out 
of  the  eight  given  in  the  district  there  was  one  long  period  ranging  between 
77  and  82  days,  followed  by  a  shorter  one  ranging  between  29  and  86  days. 


Digitized  by  VjOOQIC 


feSODdfi — TfidB  OXXAT  DBOUOST  Of  1698. 


TABLE  v.— DBOuaHTS  BXPSBiiMGaD  in  Lokdom  bikcb  thb  Yiab  1865. 


Absolate  Diooght 


Z865.  Jnne  3 
„      Sept.  22 

1866 

1867 

1868.  Jane  5 
M  Jane  24 
„   Aug.  27 

1869.  Jnne  22 
„   Aog.  17 

1870.  Apr.  XI 
„   Sept.  14 


1871 

1872.  Aog.  10 

1873.-. 

1874.  Apr.  18 


Ended. 


Jane  28'.... 
Oct.  7  •... 
None  . .  • . 
None  .... 
Jane  19  ...• 
Jaly  10  .... 
Sept  15  ••.. 
Jaly  7  .... 
Sept 4  .... 
April  25.... 
Oet.  2  .... 


1875. 
1876. 
1877. 
1878. 
1879. 
1880. 


188 1, 
1882. 


1883. 
1884. 


May  I 
Sept.  22 


Deo.  6 
Jan.  17 
Mar.  8 
May  12 
Aug.  9 
Mar.  25 
Jan.  12 
Mar.  27 
Jaly  28 
Mar.  31 
May  27 
June  10 
Deo.  21 


1885.  July  20 

1886.  Jane  23 

1887.  Apr.  6 
„  June  9 

1888... 

1889 

1890 

1891.  Feb.  7 

1892.  Mar.  28 
„   Deo.  15 

1893.  Mar.  17 
,t     June  7 


None 
Aug.  24  , 
None 
May  2 


None  ... 
May  21  ... 
Oct.  6  ... 
None 

Deo.  26  . . . , 
Feb.  4  ..., 
Mar.  30 ... , 
May 26  .... 
Aug.  23  . . . . 
Apnl  10..., 
Jan.  28  . . . . 
April  II .... 
Aug.  II  .... 
April  17.... 
June  14 ... . 
June  28 ... . 
Jan.  4,  1885 


Mi 


Aug.  4    . 
July  10  . 
April  20. 
July  3    . 
None 
None 
None 
Feb.  28 . 
April  12. 
Deo.  31  . 
April  15. 
June  21  . 


26 
16 


15 

17 
20 
16 
19 
15 
19 


15 
15 


21 
15 


19 
23 
15 
15 
17 
17 
16 

15 
18 

19 
19 
15 

16 
18 
15 
25 


22 
16 

17 
30 
15 


Partial  Drooght. 


Began. 


Oct.     28 

•...•••a 

Jane    z8 

Mar.  27 
April  II 
May  14 
Oct     22 

Nov.  30 
Jan.  25 
April  14 
Mar.      8 

Sept.    II 

Nov.  22 
April  20 
Aog.      8 

Jan.      9 

Mar.  20 

July  24 

May  6 

July  28 

Sept  7 

July  12 

Feb.  "3 
June      4 

Jan.  31 
Feb.   "28 


Ended. 


None   •• 

None  . . 
Nov.  29 
None   . . 

July    27 

April  27 
May  10 
June  15 
Dec.  18 
None  . . 
Dec.  29 
Feb.  24 
May  21 
Apnl  5 
None  . . 
Oct.  9 
None  ,. 
Deo.  29 
May  30 
Sept.   lo 


None   •• 
Feb.     13 


April  17 

Aug.  30 

June  3 

Aug.  26 

Got.  5 

Aug.  19 

None  . . 

Mar.  10 

July  14 

None  . . 

None  . . 

None  . . 

Mar.  6 

None  .. 

June    21 


II 


33 


40 

3a 
30 
33 
58 

30 
31 
38 
29 

29 

38 
41 
34 


36 


29 
38 
29 
30 
29 
39 

36 
41 


35 
114 


Ins. 

•  •  •  • 

•  •  •  • 


0-33 


o'34 

0*32 
0-30 
019 
0-55 
.... 
0*29 
028 
0*21 

0-22 
0*27 

036 

039 
0'22 


0-30 

013 
0-32 
0*29 
0-30 
0*26 
0-31 

0*28 

o-i8 
I.... 

0*14 

1*09 


At  another  station,  Stowell  in  Dorsetshire,  the  longer  period  was  alone 
experienced,  while  at  the  three  remaining  stations  there  was  one  very  long 
period  exceeding  in  duration  an3rthing  experienced  in  other  parts  of  the 
district.  At  Hastings  the  partial  drought  continued  for  95,  while  in 
London  it  lasted  for  as  many  as  114  days.    The  longest  spell  of  all  was, 
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however,  at  Dungenefls,  where  the  nomher  of  days  amounted  to  nofewer  than 
127,  the  period  eommenoing  with  Febmary  27th  and  ending  with  July  8rd. 

The  general  state  of  afiairs  relating  to  the  rainM  and  drought  of  jthe  entire 
four  months  is  graphically  shown  in  Fig.  4,  which  gives,  firstly,  the  percen- 
tage of  the  average  rainfall  in  the  different  parts  of  the  Kingdom,  and  secondly, 
by  figures,  the  duration  of  the  drought  at  certain  selected  stations.  To 
avoid  overcrowding  the  map  I  have,  in  cases  where  two  or  more  droughts 
prevailed,  chosen  only  the  longest.  The  information  is  therefore  less  com- 
plete than  that  given  in  the  table. 

In  order  to  obtain  some  idea  of  the  exceptional  character  of  the  weather 
of  the  period,  a  list  has  been  prepared  (Table  V.)  giving  the  duration  of  all 
the  absolute  and  partial  droughts  experienced  in  London  since  the  year  1865. 
The  table  is  based  entirely  on  the  London  observations  given  in  the  Daily 
Wetuher  Beport. 

A  very  superficial  examination  of  the  figures  is  sufficient  to  show  that,  both 
in  an  absolute  and  also  in  a  partial  degree,  the  drou§^t  of  1898  was  considerably 
longer  than  any  other  recorded  in  the  course  of  the  past  29  years.  The 
nearest  approach  to  the  period  of  80  rainless  days  experienced  this  year  was 
in  June  1865,  when  a  drought  extended  to  26  days.  Next  to  this  came  1887 
with  a  period  in  June  and  July  extending  to  25  days,  and  March  1880  with 
a  drought  of  28  days.  The  partial  drought  of  114  days  recorded  this  year 
was  nearly  twice  as  long  as  any  other  in  the  29  years,  the  nearest  approach 
to  it  being  58  days  between  October  and  December  1871.  Next  to  this,  but 
a  long  way  behind  it,  came  April  and  May  1880,  and  June  and  July  1887, 
each  with  a  partial  drought  of  41  days,  and  afterwards  June  and]  July  1869, 
with  a  period  of  40  days.  It  may  be  of  interest  to  note  that  in  the  course  of 
the  whole  29  years  there  were  only  five  years  in  which  neither  an  absolute 
nor  a  partial  drought  was  reported,  and  it  is  rather  singular  to  observe  that 
three  out  of  the  five  were  consecutive.  No  drought  was  experienced  in 
London  either  in  1888,  1889,  or  1890.  The  year  with  the  longest  number 
of  absolute  droughts  was  1880,  with  four  such  periods  ranging  in  duration 
firom  15  to  28  days.  The  longest  number  of  partial  droughts  was  three  in 
the  years  1870  and  1884,  but  in  each  case  the  duration  was  very  slightly  in 
excess  of  the  minimum  laid  down  by  Mr.  Symons  in  his  definition. 

In  conclusion  I  have  to  express  my  best  thanks  to  the  Meteorological 
Council  for  their  kindness  in  allowing  me  to  make  use  of  a  large  quantity  of 
unpublished  data.  I  have  further  to  acknowledge  the  valuable  assistance 
rendered  by  my  friend,  Mr.  A.  J.  Rigby ,  of  the  Meteorological  Office,  who  has 
verified  most  of  the  computations. 
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DISCUSSION. 

Mr.  G.  J.  Stmokb  said  that  with  regard  to  the  distribution  of  pressure  as 
indicated  in  Mr.  Brodie*s  isobario  charts,  there  was  a  remarkable  similarity  be- 
tween the  direction  of  the  normal  isobars  for  the  northern  part  of  the  Britiedi 
Isles  and  those  shown  in  the  chart  for  the  period  covered  by  Mr.  Brodie's 
paper.  He  (Mr.  Symons)  had  repeatedly  stated  that  the  exceptional  features  of 
the  past  season  were  almost  entirely  connned  to  the  southern  portion  of  England, 
and  a  line  drawn  across  the  country  from  Falmouth  to  Boston  would  roughly 
cut  off  the  area  over  which  weather  of  an  exceptional  character  was  ex- 
perienced. It  appeared  to  him  very  desirable  that  an  investigation  such  as  Mr. 
Brodie*s  should  be  made  to  embrace  the  continent  of  Europe ;  and  indeed  it 
appeared  probable  that  it  would  be  necessary  to  include  the  whole  of  the  world, 
as  he  knew  that  in  other  countries,  notably  in  the  United  States,  weather  of 
very  exceptional  character  had  been  experienced.  It  was  the  duty  of  meteoro- 
logists to  ascertain  the  reason  for  these  remarkable  irregularities  in  the  weather, 
and  he  hoped  that  some  of  the  men  of  ability  who  were  now  turning  their  at- 
tention to  meteorological  problems  would  be  able  to  devote  their  time  and 
energies  to  the  work  of  discovering  the  cause  of  such  exceptional  conditions  as 
those  which  have  prevailed  during  the  present  year. 

Dr.  A.  BucHAN  drew  attention  to  the  fact  that  in  the  southern  seas  during  last 
spring  and  early  summer  icebergs  had  been  seen  nearer  the  equator  than  had  ever 
been  known  previously,  and  it  was  exceedingly  probable  that  this  phenomenon 
had  some  connection  with  the  exceptional  weather  experienced  in  so  many  parts 
of  the  world.  Icebergs  had  been  observed  off  the  Chatham  Islands,  east  of 
New  Zealand,  where  they  had  never  been  seen  before.  He  believed  that  if  a 
map  were  constructed  showing  at  as  many  places  of  observation  over  the  world  as 
possible,  the  variations  of  the  actual  atmospheric  pressure  during  the  past  season 
from  the  normal,  no  attempt  being  made  to  reduce  the  pressures  to  sea  level,  we 
should  be  on  the  way  towards  understanding  the  causes  which  had  been  at  work 
in  producing  the  abnormal  weather  of  the  present  year.  With  regard  to  the 
prevalence  of  drought,  he  considered  that  the  distribution  of  thunderstorms  was 
an  important  factor  in  connection  with  the  prevalence  of  drought,  and  we  had  yet 
to  learn  why  certain  districts  were  more  liable  to  thunderstorms  and  their  attend- 
ant rainfall  than  were  others.  An  examination  of  the  data  from  Ben  Nevis  showed 
that  all  periods  of  excess  of  temperature  and  great  drought  occurred  with  anti- 
cyclonic  conditions,  this  fact  seeming  to  point  to  the  existence  of  an  upper 
stratum  of  air  of  higher  temperature  and  greater  density  than  the  lower  stratum. 
The  weather  experienced  in  the  British  Islands  depended  upon  the  distribution 
of  pressure  in  their  vicinity,  the  presence  of  anticydonic  conditions  over  our 
islands  resulting  in  the  prevalence  of  magnificent  weather,  such  as  had  been 
experienced  durmg  the  present  year, 

Mr.  B.  Latham  said  that  the  drought  had  been  spoken  of  as  a  thing  of  the 
past,  but  it  was  likely  that  the  community  would  feel  its  effects  upon  water 
supply  for  some  time  into  the  future.  It  was  ciuious  that  the  very  wet  year  of 
1879  was  followed  by  a  year  of  drought,  and  if  there  had  been  no  excess  of  rain 
in  1879  England  would  have  suffered  greatly  from  scarcity  of  water.  Similarly, 
when  the  drought  discussed  by  Mr.  Brodie  commenced  the  springs  were  very 
high,  probably  higher  than  ever  before,  the  exceptionally  heavy  rainfieJl  during 
February  having  made  provision  for  the  period  of  drought  which  ensued.  Since 
February,  however,  the  level  of  water  in  the  springs  had  been  gradually  de- 
clining, and  during  the  past  eight  months  no  rain  had  passed  through  his  per- 
colation gauge  at  Croydon.  It  was  a  remarkable  fact  that,  in  spite  of  the 
warmth  and  dryness  of  the  past  season,  the  amount  of  evaporation  from  a 
surface  of  water  had  been  much  less  than  usual;  and  this  somewhat  unexpected 
result  was,  he  thought,  to  be  ascribed  to  firee  evaporation  being  interfered  with 
by  the  ^1^^  of  smoke  and  dirt  which  collected  on  the  water  surface  in  dry 
weather,  whereas  rainy  weather  kept  the  surface  clear  of  these  impurities.  One 
of  the  important  lessons  learned  from  the  drought  had  been  to  discover  that, 
although  the  rain  which  had  fieJlen  during  the  period  had  not  percolated  through 
the  percolation  gauge,  it  had  been  sufficient  to  raise  the  water  level  in  large 
reservoirs.    He  tiiought  that  we  were  now  experiencing  the  lowest  water  period 
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of  the  year,  and  that  if  a  change  did  not  soon  take  plaoe  the  oonseqnences 
were  likely  to  prove  serious. 

Mr.  C.  Harding  said  that  he  had  lately  been  working  oat  the  mean  snmmer 
and  winter  temperatures  and  rainfall  at  Greenwich  during  the  last  fifty  years, 
and  had  also  prepared  a  statement  of  the  number  of  warm  and  cold  days. 
These  figures  showed  that  in  the  six  months,  April  to  September,  of  the  present 
year,  the  temperature  was  70°  or  above  on  106  days ;  in  1865  there  were  127 
days ;  while  1846  and  1869  each  had  108  days.  Temperatures  of  80°  or  above 
were  registered  on  29  days  in  1898;  1868  had  40  days;  and  1846,  1851,  and 
1859  each  had  a  large  number.  The  mean  temperature  for  the  period  was 
60°-6,  the  average  being  56°'8,  or  almost  4°  less;  only  two  other  years,  1865 
and  1868,  had  a  mean  temperature  exceeding  60°.  As  regards  rainfidl,  the  six 
months'  Ml  amounted  to  7*89  ins.,  the  driest  year  in  the  fifty  being  1870  with 
6*80  ins.  In  1879,  a  very  wet  year,  the  fall  for  the  six  months  amounted  to  as 
much  as  22*03  ins.  One  of  the  extraordinary  features  of  the  past  summer,  so 
£sur  as  London  was  concerned,  was  the  extremely  warm  night  on  August  18th, 
when  the  Tninimnm  temperature  at  Brixton  was  as  high  as  72°.  The  mean 
temperature  on  that  day  was  81°'2,  and  was  a  long  way  in  excess  of  any  mean 
daily  temperature  during  the  past  fifty  years.  The  large  quantity  of  ice  which 
had  been  met  with  in  the  South  Atlantic  was  a  most  interesting  feature  when 
considered  in  connection  with  recent  weather,  for  such  immense  bodies  of  ice 
would  probably  exert  a  considerable  effect  upon  the  distribution  of  pressure,  and 
it  was  the  relative  position  of  areas  of  high  and  low  barometer  that  controlled 
the  weather.  Another  curious  fact  was  that  captains  of  ships  crossing  the 
equator  had  almost  all  drawn  attention  to  the  presence  of  an  easterly  current 
there  in  the  earlier  months  of  the  year,  such  a  current  in  that  portion  of  the 
Atlantic  being  quite  unknown  before. 

Dr.  A.  BucHAN  inquired  whether  any  attempt  had  been  made  to  eliminate  the 
effect  of  surrounding  hills  upon  the  records  of  sunshine,  as  in  some  localities  a 
considerable  proportion  of  sunlight  must  be  cut  off  by  adjacent  hills. 

Mr.  B.  H.  Scott  said  that  in  England  and  Ireland  the  places  supplied  with 
sunshine  recorders  by  the  Meteorological  Office  were  carefidly  selected  in  order 
that  the  recorder  should  command  a  free  horizon ;  and,  as  Mr  as  he  recollected, 
in  only  two  cases,  those  of  Valencia  and  Llandudno,  were  the  records  seriously 
interfered  with  by  surrounding  hills.  In  his  Beport  on  Ten  Years^  Sunshine  in 
the  British  Islands  there  would  be  found  a  description  of  the  exposure  for  gJI  the 
stations  included  in  that  Beport. 

Mr.  G.  J.  Stscons  remarked  that  it  would  be  a  comparatively  easy  matter  to 
correct  simshine  records  affected  by  neighbouring  hills.  It  certainly  appeared 
desirable  that  something  should  be  done  in  that  direction,  but  by  M  the  best 
plan  was  to  select  stations  for  which  no  correction  was  required. 

Mr.  F.  Gastee  said  that,  while  agreeing  with  those  speakers  who  had  pointed 
out  the  desirability  of  discovering  the  reason  for  the  abnormalities  discussed  in 
Mr.  Brodie*s  paper,  he  at  the  same  time  realised  the  enormous  difficulties  which 
such  an  investigation  involved,  and  was  hardly  surprised  that  nobody  had  yet 
ventured  to  enter  upon  so  great  an  undertaking.  He  drew  attention  to  the 
manner  in  which  the  remarkably  warm  days  in  April  were  developed,  the  ex- 
ceedingly genial  weather  at  inland  places  appearing  to  be  entirely  due  to  the  in- 
tensity of  the  sunshine,  for  the  temperature  of  the  Easterly  current  on  our  coasts 
at  the  time  was  onljr  firom  1°  to  2°  above  the  average,  and  people  who  had  gone  to 
the  seaside  to  recruit  their  health  were  obliged  to  remain  indoors  and  have  fires 
lighted  because  of  the  keenness  of  the  wind.  Inland,  however,  such  was  the  warm- 
ing effect  of  the  brilliant  simshine,  that  it  was  possible  to  sit  out  of  doors  and  enjoy 
the  fine  weather.  The  great  dryness  of  the  air  was  also  a  very  noticeable  fea- 
ture, and  one  which  morning  and  evening  observations  quite  failed  to  adequately 
indicate.  In  considering  the  distribution  of  rainfall,  it  was  necessary  to  remem- 
ber that  there  were  three  distinct  classes  of  rainfall,  viz.  Ist.,  general  rain  which 
prevailed  with  large  rain-bearing  currents ;  2nd,  thunderstorm  rains,  generally 
very  local  and  the  limits  sharply  defined,  so  much  so  that  it  firequently  happened 
in  such  cases  that  the  rainfall  recorded  in  London  at  stations  north  and  south  of 
the  Thames  differed  materially;  and  8rd,  partial  rains  falling  copiously  over 
large  areas  of  country,  rarely  accompanied  with  thunder,  and  generally  occur- 
ring wi^  an  Easterly  wind  m  summer  and  a  Westerly  wind  in  winter.    He  had 
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oarefoUy  examined  the  lists  of  maximum  fiills  of  rain  g^ven  in  Mr.  Symons's 
annual  volnmes  of  British  EainfaU,  and  fomid  that  all  of  them  had  ooonrred  with 
Easterly  winds  in  summer  and  with  Westerly  winds  in  winter.  This  appeared 
to  him  to  be  a  very  striking  fact,  and  he  thought  it  would  be  desirable  when  dis- 
cussing rain&ll  data  to  classify  the  figures  not  according  to  years  bat  according 
to  the  class  of  rainfall  to  which  they  belonged. 

Mr.  H.  SouTHALii  said  that  in  the  nei^bonrhood  of  Boss  the  drought  was 
more  felt  in  September  than  in  the  earlier  part  of  the  year,  and  he  had  been  told 
by  a  £Eurmer  that  there  was  practically  no  grass  whatever  in  that  district. 

Mr.  F.  Bbodib,  in  reply,  said  that  he  fdlly  agreed  with  Mr.  Symons  and  the 
other  speakers  who  had  urged  the  desirability  of  discussing  the  weather  over  a 
much  larger  area  than  the  British  Islands,  but  it  was  impossible  for  him  to  carry 
out  such  an  investigation,  the  leisure  time  at  his  disposal  being  so  very  limited. 
He  had  only  undertaken  the  compilation  of  the  present  paper  because  he  felt 
that  such  a  remarkable  season  should  not  be  passed  over  without  some  special 
notice  being  taken  of  it,  and  as  it  appeared  likely  that  no  one  else  was  doing  the 
work  he  had  undertaken  it. 

Mr.  W.  Ellis,  in  a  communication  to  the  Secretary,  said : — It  may  be  of  inter- 
est to  give  some  particulars  for  the  months  of  March  to  June,  as  observed  at  the 
Boyal  Observatory,  Greenwich,  in  order  to  show  the  variation  from  averages  as 
determined  from  long  series  of  observations.  Four  values  are  in  each  case  given, 
which  will  be  understood  to  apply  to  the  months  of  March,  April,  May,  and  June 
respectively.  The  mean  maximum  temperature  wm  66°'9, 64°-2, 70^*6,  and  76°*8, 
above  the  average  by  7°'2,  7°'0,  6^-6,  and  4^-4 ;  the  mean  minimum  temperature 
was  86°-9,  89°-6,  46°-l,  and  60°-l,  above  the  average  by  0°-9,  0^7,  2*»-4,  and 0°-2 ; 
the  mean  daily  range  was  21°'0,  2i°'6,  24°'6,  and  25^*2,  above  the  average  by 
6***8, 6°-8,  4^1,  and  4*'-2;  the  mean  temperature  was  46^-2,  6V4t,  57''-7,  and  61°-8, 
above  the  average  by  4°*5,  4°-2,  4°'6,  and  2^*4.  The  averages  referred  to  are 
those  for  the  60  years  1841-1890.  The  temperature  rose  to  80°,  or  above,  once  in 
April  (80°*0  on  April  20th),  once  in  May,  and  seven  times  in  June,  being  once 
above  90°  (91°'0  on  June  19th).  In  the  60  years,  1841-90,  there  is  no  instance 
of  a  temperature  of  80°  so  early  as  April  20th,  the  earliest  being  April  27th,  1866, 
81°*6.  The  rainfieJl  in  the  four  months  was  0488  in.,  0*119  in.,  and  0*680  in., 
and  0*822  in.,  below  the  average  of  the  same  60  years  by  1*028  in.,  1*642  in., 
1*478  in.,  and  1*200  in.,  in  all  6*248  ins.  in  defect  in  the  four  months.  The  mean 
amount  of  cloud  was  4*0,  8*1, 5*7,  and  4*8,  values  all  below  the  average  of  the  70 
years  ending  1887 ;  the  lowest  previous  values  for  this  period  for  March  and 
April  being  6*0  in  March  1841,  and  8*7  in  April  1840.  The  hours  of  sunshine 
were  166*1,  61*6  above  average,  281*0,  119*6  above  average,  186*6,  9*9  above 
average,  and  198*0,  24*7  above  average,  these  averages  being  for  the  15  years 
1877-1891.    The  mean  relative  humidity  was  74, 67,  66,  and  65  respectively. 
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THUNDER  AND  HAIL  STORMS    OVER  ENQUND  AND  THE 
SOUTH  OF  SCOTLAND,  JULY  8th,  1893. 

By  WILLIAM  MARRIOTT,  P.R.Met.Soc. 


[Bead  November  15th,  1898.] 

Satitbdat,  July  8th, — ^two  days  after  the  Dnke  of  York's  wedding— was  a 
day  of  remarkable  meteorological  phenomena,  for  the  temperature  over  the 
sooth  and  east  of  England  rose  above  80^ ;  thunderstorms  prevailed  over  the 
greater  part  of  England  and  Scotland ;  hailstones  of  immense  size  fell  at 
nmnerons  places  ;  and  squalls  or  whirlwinds  swept  np  the  valley  of  the  Nith 
and  along  the  coast  of  Lincolnshire,  on  the  latter  capsizing  a  boat  at  Skegness 
whereby  29  lives  were  lost. 

In  the  morning  thunderstorms  occurred  in  Yorkshire  and  Durham  between 
6.80  and  11  a.m. ;  and  also  over  Dorset,  Hampshire,  Gloucestershire, 
Worcestershire,  and  Shropshire  between  7  and  10.80  a.m.  These  storms 
were  not  of  great  intensity. 

In  Cumberland  and  the  south-west  of  Scotland  severe  thunderstorms 
occurred  between  10  a.m.  and  noon. 

About  noon  a  thunderstorm,  accompanied  by  heavy  hail  and  a  violent 
squall  of  wind,  passed  over  Dumfries  and  along  the  valley  of  the  Nith  as  far 
north  as  Closebum. 

The  following  account  is  taken  from  the  Dumfries  and  GaUoway  Standard 
and  Advertiser : — 

'*  About  11  a.m.  on  Saturday  the  serenity  of  the  dav  was  sharply  and  suddenly 
broken  bv  a  thunder  shower,  which  quickly  emptied  the  streets  of  pedestrians. 
An  hour  later,  following  upon  several  peals  of  thunder,  there  was  a  strong  rush 
of  wind  up  the  vallev,  from  the  South-west ;  and  simultaneously  with  it  there 
occurred  a  fiedl  of  hailstones  which  were  quite  commonly  the  size  of  large 
marbles,  and  fell  in  such  quantities  that  they  lay  piled  together  in  little  ridges 
along  the  foot  pavements.  Right  np  from  the  Solway  tiie  path  of  the  wind  was 
marked  by  overturned  stampcoles  oi  hay,  and  clouds  of  leaves  were  driven  before 
it.  On  Nethertown  of  Troqueer  some  thirty  ricks  were  swept  before  the  blast ; 
and  on  Flatts  of  Gargen  and  other  farms  in  the  same  neighbourhood  it  played 
equal  havoc  with  the  work  of  the  harvesters.  At  Gherrjrtreee  persons  who  were 
out  had  to  seize  hold  of  a  fence  to  enable  them  to  stand  against  the  force  of  the 
wind,  and  in  one  field  a  donkey  was  pressed  by  it  against  the  wall.  In  Dumfries 
it  stripped  a  number  of  slates  from  the  roofs ;  emgtv  boxes  which  were  lying 
about  were  swept  before  it ;  in  Leafield  saw  mills  a  long  plank  was  caught  and 
projected  to  the  other  side  of  the  workshop ;  and  in  Queensberry  Square  it  lifted 
the  covering  from  the  stall  of  a  vendor  of  crockery.  Gontinuinp;  its  frolicsome 
career  north  of  the  town,  the  blast  levelled  more  than  twenW  neks  on  the  &rm 
of  Linchiden.  On  M'Gheynestone  and  other  fBoms  in  Punscore  it  played 
similar  frmtastic  tricks ;  and  it  strewed  the  braes  of  Eirkmahoe  and  Closebum 
with  similar  tokens  of  its  strength.  So  suddenly  did  the  storm  burst  that  a 
number  of  boys  bathing  in  the  Nith  at  Drmifries  were  obliged  to  ran  up  the  Sands 
with  their  clothes  undc^  their  arms  to  find  shelter  from  the  pelting  of  the  hail- 
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Btones.  The  force  of  the  wind  here  seemed  to  turn  the  river  and  oanse  it  to  run 
i^theohann^.  The  hail-shower  did  not  oontinne  for  quite  a  quarter-of-an- 
hour,  but  during  that  time  the  rattle  of  the  stones  upon^windows  resembled  a 
continuous  fnsilade  of  musketory ;  and  in  that  short  space  of  time  it  provided  a 
week's  work  for  a  good  staff  of  glaziers. 

"  While  reports  show  that  the  thunderstorm  and  accompanying  rain  were  very 
general  over  Dumfriesshire  and  the  Stewartry — extended  indeed  over  a  great  part 
of  Scotland— the  hail  and  wind  storm  was  restricted  to  a  limited  area,  covering  a 
comparatively  narrow  band  along  the  valley  of  the  Nith  as  feir  north  as  Close- 
bum.  It  is  strikingly  illustrative  of  its  local  nature  that  while  the  hailstones 
caused  some  injury  to  the  conservatory  at  Marchfield,  there  were  none  at 
Dalscone,  little  more  than  a  hundred  yards  along  the  same  road.  On  the 
Lochmaben  road  the  hail  was  not  experienced  beyond  Brownrigg.  The'villages 
of  Collin  and  Locharbriggs  lay  outside  its  range,  although  at  Ki^and,  Branetrig, 
and  other  Torthorwald  farms  some  ricks  were  overturned  by  the  wind;  and  on 
the  Stewartry  side  Lochfoot  was  beyond  the  area  of  the  exceptional  storm.  Many 
of  the  hailstones  were  a  peculiar  shape,  flat  and  roughly  circular,  with  a  white 
core,  surrounded  by  clear  ice,  and  another  white  portion  forming  the  outer 
coating.  Their  appearance  strikingly  suggested  that  of  a  blind  eye.  Others 
were  nearly  spherical  or  slightly  elongated,  like  a  pigeon's  egg.  They  all  showed 
clearly  a  composite  character,  resulting  from  the  aggregation  of  several  pieces  of 
ice.  The  size  varied  considerably  at  different  places  along  the  route  of  the 
storm.  In  the  neighbourhood  of  Kirkbean  they  were  relatively  small,  although, 
driven  as  they  were  by  the  force  of  the  wind,  they  were  sufficient  to  prevent 
horses  from  facing  the  storm  and  to  cause  their  dnvers  to  seek  speedy  shelter. 


Fio.  1. 
Section  of  Hailstone  (actual  size)  which  feU  at  Dumfries. 

**  The  large  hailstones  showed  a  remarkable  formation :  the  nucleus  was  of  opaque 
white  ice  about  the  size  of  a  pea :  this  was  surrounded  by  perfectly  dear  ice,  the  clear 
ice  being  apparently  an  aggregation  of  separate  hailstones  closely  compacted  round 
tbe  nucleus  with  a  thin  coating  of  white  ice ;  this  latter  may  have  been  owing  to 
attrition." 

At  Dumfries  they  commonly  approached  the  size  of  pigeons*  eggs  or  good  sized 
msjrbles.  Many  measured  from  an  inch  to  an  inch  and  a  half  in  length.  One 
which  was  tested  was  found  to  be  an  inch  and  three  quarters  in  length  and 
seven- eighths  of  an  inch  in  depth.  In  another  instance  where  a  measurement 
was  made  one  of  the  stones  was  found  to  be  two  inches  and  a  half  in  circimi- 
ference.  A  number  picked  up  at  random  on  High  Street  were  found  to  weigh  on 
an  average  a  quarter  of  an  ounce.  Mr.  Gibson,  grocer,  St.  Michael  Street,  who 
had  experience  of  a  somewhat  similar  storm  early  in  the  thirties,  states  that 
one  placed  in  his  scales  was  an  ounce  and  a  half  in  weight.  In  Eirknmhoe  the 
stones  seem  to  have  obtained  their  greatest  size.    One  of  circular  shape  and  not 
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exceptional  dze  measured  two  inches  and  a  tenth  in  diameter.  Another  mea- 
sorement  reported  was  five  and  three  quarter  inches  in  circumference.  Occa- 
sional pieces  of  ice  feU  of  even  larger  dimension  than  those  regarding  which  an 
exact  record  was  kept. 

In  Ihunfries  there  was  a  wholesale  destruction  of  glass,  particularly  of  roof 
lights  and  of  windows  where  the  frontage  was  to  the  west,  from  which  direction 
^e  storm  proceeded  when  it  reached  its  climax." 

Mr.  P.  Dudgeon,  F.R.S.E.,  of  Gargen,  has  kindly  favoured  me  with  a  sketch 

of  one  of  the  hail  stones  (actual  size)  which  he  picked  up  in  Dumfries. 

This  is  shown  in  fig.  1. 

Petbbbobough  Storm. 

The  following  account  is  taken  from  the  Peterborough  Advertiietf  July 
15th:— 

**  Shortly  before  noon  on  Saturday  one  of  the  severest  storms  ever  remembered 
at  Peterborough  broke  over  the  city,  and  did  a  considerable  amount  of  injuiry. 
llie  storm  came  from  the  south-east,  and  was  preceded  by  an  insufferable  close- 
ness of  the  atmoflphere.  For  some  time  before  the  storm  burst  an  unusual  dark- 
ness prevailed,  while  the  whole  of  the  south-eastern  s^  was  of  a  lurid  red  colour. 
As  the  storm  approached  and  the  rain  began  to  fall  the  city  became  enveloped  in 
a  dense  mist,  while  there  were  frequent  and  vivid  flashes  of  forked  lightning, 
followed  by  short  claps  of  cnushing  thunder.  The  mist  gradually  increased  in 
density,  so  that  it  was  almost  impossible  to  see  across  some  of  tne  streets,  and 
at  the  same  time  a  violent  tempest  of  wind  began  to  rase.  The  mist  was  so 
dense  that  the  railway  signals  could  not  be  distinguished,  and  to  prevent  acci- 
dents the  men  at  the  level  crossings  closed  the  gates  across  the  road.  This  was 
succeeded  by  the  most  phenomenal  hailstorm  ever  witnessed  in  the  city.  The 
hailstones  descended  in  clouds,  and  were  of  enormous  size.  Many  of  them  were 
weighed  by  Messrs.  Heanley  and  Saunders,  and  also  by  Mr.  S.  Wilson,  and  were 
found  to  weigh  about  24  grains  each.  Many  of  them  measured  an  inch  across, 
the  greater  number  were  lozenge  shaped,  but  others  were  of  a  triangular  section. 
The  average  measurement  was  from  three-quarters  of  an  inch  to  a  half  in 
diameter.  The  rain  also  increased  and  descended  in  torrents,  and  what  with  the 
gale,  which  twisted  trees  about  into  violent  contortions,  the  rain,  the  fearful  and 
almost  incessant  flashing  of  lightning,  followed  by  the  crashing  peals  of  thunder, 
a  scene  of  unusual  wildness  was  created.  The  streets  were  quickly  flooded,  and 
there  was  hardly  a  house  in  the  city  which  was  not  more  or  less  invaded  by  the 
rushing  water,  which  hardly  fell  like  rain,  but  more  as  if  a  waterspout  were 
being  emptied  over  the  city.  The  roar  of  the  wind,  the  rattling  of  the  bullet- 
hkenailstones,  the  rolling  thunder,  and  the  rushing  of  the  water  together  created 
such  a  noise  as  to  drown  all  else.  Fortunately,  however,  the  tempest  did  not 
last  long. 

**  At  Paston  a  man  took  refuge  under  a  tree,  but  finding  the  storm  increasing 
with  terrific  violence,  he  left  the  tree  and  ran  to  a  shed  a  short  distance  off.  He 
had  no  sooner  left  the  tree  than  a  flash  of  lightning  shivered  it  to  pieces  from  the 
top  to  the  bottom.  Several  other  trees  close  to  were  also  struck  and  dis- 
membered. In  many  cases  where  the  trees  were  struck  the  trees  themselves  or 
huge  branches  were  carried  by  the  gale  a  considerable  distance.  A  breweiy 
chimney  in  St.  Leonard's  Street  was  struck  bv  lightning,  and  partially  destroyeoi 
one  of  the  chimneys  at  the  Great  Northern  Hotel  was  also  struck  by  lightning,  a 
chimney  at  Brook  Villa,  Brook  Street,  was  struck,  and  at  the  house  of  Mr.  Scott, 
Eastfield  Bead,  the  gable  end  went  in,  but  whether  this  was  caused  by  the  gcJe 
or  by  the  violent  reverberation  of  the  thunder  is  not  known.  A  fl^-staff  over 
the  business  premises  of  Messrs.  Hawlev,  Jerm^n,  Smith  and  Co.  snapped  in 
two,  and  carried  with  it  some  telephone  wires,  which  had  the  effect  of 
temporarily  blocking  the  traffic  in  Narrow  Street.  Horses  and  cattle  in  the 
streets  and  in  the  fields  were  seen  to  suffer  under  the  infliction  of  the  hailstorm 
in  a  serious  manner.  As  illustrating  the  stinging  force  of  the  hailstones,  it  may 
be  mentioned  that  some  men  got  under  a  tarpaulm  at  Fengate,  but  the  hailstones 
inflicted  such  pain,  even  through  this  covering,  that  the  men  found  themselve 
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oompelled  to  abandon  their  tarpaulin  for  a  more  substantial  shelter.  It  is  also 
stated  that  a  cart  was  standing  in  Cumbergate,  and  the  force  of  the  storm 
Carried  it  half-way  down  the  street.  A  large  number  of  minor  accidents  hap- 
pened, such  as  the  upsetting  of  market  stalls.*' 

Between  1  and  2  p.m.  a  thunderstorm  accompanied  by  a  squall  of  wind 
passed  along  the  Lincolnshire  coast,  and  it  was  during  this  squall  that  the 
pleasure  boat  was  capsized  off  Skegness. 

From  this  time  onwards  till  about  10  o'clock  in  the  evening  there  was  a 
succession  of  thunderstorms  over  the  north-east  of  England  and  south-east 
of  Scotland.  Prom  many  places  it  is  reported  that  the  thunderstorms  were 
continuous  for  9  hours.  The  barographic  traces  show  considerable  oscil- 
lations during  the  whole  of  this  time ;  so  that  it  is  probable  that  the  observers 
were  not  able  to  distinguish  between  the  different  storms. 

This  has  been  a  great  drawback  in  investigating  the  individual  storms,  as 
time  is  a  most  important  factor. 

Two  storms  were  remarkable  for  the  immense  hailstones  which  fell  during 
their  prevalence  over  the  neighbourhood  of  Harrogate  and  Bichmond  in 
Yorkshire. 

Habbogatb  Storm. 

The  following  is  taken  from  the  Ripon  Gazette,  July  18th  : — 

"  The  severe  thunderstorm  of  Saturday  last  will  be  remembered  for  a  long  time 
to  come,  such  a  scene  as  that  witnessed  on  Saturday  afternoon  not  being  within 
the  recollection  of  some  of  the  older  inhabitants.  At  Harrogate  the  morning 
was  warm  and  close,  and  thunder  was  repeatedly  heard  in  the  distance.  As  noon 
drew  near,  the  air  was  very  oppressive,  and  shortly  after  there  was  every  indica- 
tion of  a  heavy  thunderstorm.  A  little  before  2  o'clock  the  sky  was  thickly 
overcast  with  clouds.  It  was  of  a  peculiar  density  and  unlike  ordinary  thunder- 
storms. There  was  an  evenness  and  almost  a  murkiness  about  the  tone  of  the 
sky  which  one  could  hardly  fail  to  remark.  Then  a  blackness  nearly  approaching 
that  of  night  descended,  and  rain  became  suddenly  driven  in  an  oblique  direction 
with  terrific  force  and  in  phenomenal  quantities.  The  rain  soon  became  thickly 
mingled  with  hail  of  extraordinary  size,  not  to  say  of  a  hen's  egg  or  even  a 

.  cricket  ball,  as  one  imaginative  writer  has  stated.  The  largest  that  ca^le  under 
our  personal  observation  was  5  inches  in  circumference,  others  being  4  and  4^ 
inches.  We  have  heard  of  a  gentleman  who  picked  one  up  2  inches  in  diameter, 
and  another  of  2  oz.  weight.  On  the  Moor,  we  believe,  the  hailstones  were 
larger  than  in  the  town.  The  rain  was  accompanied  by  vivid  lightning  and 
loud  peab  of  thunder,  and  the  storm,  when  at  its  height,  continued  from  10  to 
15  minutes.  During  this  period  extensive  damage  was  done  to  property  in 
various  parts  of  the  town.  Trees  were  blown  down  and  thousands  of  feet  of 
glass  were  destroyed.  The  low  parts  of  the  town  were  flooded  for  a  short  time 
on  account  of  the  drains  being  incapable  of  taking  away  the  rain,  which  fell  in 

,    torrents." 

At  Brimham  Rocks  many  of  the  hailstones  measured  as  much  as  8  inches 
in  diameter,  and  at  Swincliffe,  one  was  picked  up  which  measured  6^  inches 
in  circumference.  I  was  in  Harrogate  two  days  after  the  storm  and  had 
ocular  demonstration  of  its  severity,  for  the  majority  of  the  windows  having 
a  south-easterly  aspect — that  is,  facing  the  direction  in  which  the  storm 
came — ^were  broken,  as  well  as  skylights  and  conservatories.  Almost  without 
exception  in  the  houses  of  three  floors,  all  the  panes  of  glass  in  the  top  floor 
were  broken,  in  the  middle  fl)or  several  panes  were  broken,  but  on  th^ 
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gronnd  floor  comparatiyely  few  panes  were  broken.  There  is  no  doubt  that 
the  hail  was  driven  by  the  wind  against  the  top  of  the  houses  with  the 
greatest  violence,  and  consequently  most  damage  would  be  done  there.  The 
top  storey  panes  were  mostly  small  and  probably  of  thin  glass,  while  the 
gronnd  floor  windows  consisted  of  only  one  or  two  panes,  which  were  most 
likely  of  thicker  glass  than  those  above. 

The  extent  of  the  damage  cansed  by  the  hail  may  be  gathered  from  the 
following  note  by  Mr.  J.  Farrah,  the  Society's  observer  at  Harrogate : — 

'^  I  have  made  inquiries  amongst  the  glaziers  of  this  district,  and  find 
that  in  a  radius  of  five  miles  not  less  than  100,000  panes  of  glass  were 
broken,  the  cost  of  which  is  about  £3,000.  A  further  £7,000  (taking  the 
same  radins)  will,  so  far  as  I  can  learn,  cover  the  damage  to  shrubs,  flowers* 
grass,  com,  turnip  and  potato  crops.  In  this  radius  comparatively  little  com 
is  grown  and  very  little  fruit.  The  greatest  acreage  is  in  permanent  pasture, 
from  which  the  milk  and  butter  supply  of  Harrogate  is  drawn ;  otherwise 
the  devastation  would  have  been  much  greater.  I  have  seen  some  curious 
instances  of  the  vagaries  of  the  storm.  In  one  garden  the  potato  tops 
would  be  battered  to  the  ground,  whilst  in  an  adjoining  one  they  might  be 
comparatively  unhurt. 

<'  Harlow  Hill,  which  is  situated  a  mile  west  of  our  meteorological 
station  and  is  600  feet  above  sea  level,  was  in  the  vortex  of  the  storm.  The 
Nursery  Gardens  there  were  to  a  considerable  extent  wrecked;  about 
22,000  feet  of  glass  was  broken,  and  a  large  quantity  of  tomatoes  and 
herbaceous  plants  destroyed. 

"  In  the  above  estimate  I  have  not  taken  into  consideration  the  damage 
done  by  the  water  to  premises  where,  through  one  cause  or  other,  it  reached 
the  interiors.  From  my  own  knowledge  this  will  amount  to  several  hundreds 
of  pounds. 

'<  I  was  told  by  a  farmer,  who  lives  at  Salter-gate  Hill,  three  miles  west 
of  Harrogate,  that  some  of  the  red  clay  tiles  that  cover  his  outbuildings 
were  broken  by  the  hailstones,  and  that  partridges  were  picked  up  dead  in 
the  fields,  having  been  killed  by  the  same  cause." 

Dr.  H.  J.  Johnston-Lavis  made  some  drawings  of  the  hailstones,  which 
were  pubHshed  in  Nature^  Vol.  48,  p.  294.  By  permission  of  the  Editor 
these  are  shown  in  fig.  2. 

Dr.  Johnston-Lavis  says : — 

**  At  first  a  little  rain  fell,  but  it  was  soon  mixed  with  small  hailstones,  about 
the  size  of  peas  of  the  usual  form.  These  were  quickly  followed  by  hemispheres 
of  the  size  and  character  indicated  in  C  (fig.  2).  After  a  few  minutes  they 
rapidly  grew  to  the  size  of  those  sho^Ti  in  A  and  B^  which  were  drawn  very 
carefaQy  to  actual  scale.  Most  were  flattened  oval  discs,  as  shown  in  the  two 
drawings,  which  exhibit  top  and  side  view  of  one  hailstone.  I  went  out  myself 
and  measured  a  good  number  while  they  were  falling  by  putting  them  on  a  sheet 
of  paper  and  mft'-^^"g  their  maximum  and  minimum  diameters.  These  large 
stones  usually  had  an  opaque  spherulitic-like  nucleus,  followed  by  two,  three, 
and  even  a  trace  of  a  fourth,  clear  ice  shell  intervening  with  opaque  ice.  Then 
followed  a  broad  band  of  clear  ice  with  a  few  radiating  air  cavities,  finally 
enclosed  in  a  mass  of  white  granular  feathery  ice.  The  number  of  alternating 
|«.min»  seemed  tg  be  irregular,  and  must  have  varied  with  that  of  the  dififerent 
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vaponr  strata  traversed  by  each  nnoleus.    The  origin  of  the  type  (A  from  C) 

"  "  T^e  quantity  that  fell  was  enormous,  so  that  a  lawn  badly  kept  was  entirely 
white  with  the  exception  of  the  longer  blades  of  grass  that  projected.  The 
damage  done  in  the  near  neighbourhood  must  amount  to  some  thousanrts  of 
pounlfa,  and  very  few  were  the  houses  in  this  town  that  escaped  without  win- 
dows being  broken," 


Fio.  2. 
Sections  of  Hailstones  (actual  size)  which  fell  at  Harrogate. 

ElCHMOND    (YOBKS.)    StOBM. 

The  following  account  is  taken  from  The  North  Star,  July  10th: — 

"  Shortly  after  2  o'clock  on  Saturday  afternoon,  Richmond  and  district  was 
visited  by  a  thunderstorm  the  violence  of  which  has  had  no  equal  within  the 
memory  of  the  oldest  inhabitant.  During  the  morning  the  atmosphere  was 
sultry,  almost  suffocating,  and  thunder  was  heard  at  intervals  rumbling  in  the 
distance.  About  2  o'clock  the  air  became  misty,  and  the  peals  of  thunder  were 
more  audible.  A  few  minutes  later  the  sky  all  round  was  black,  darkness  set  in, 
and  the  terrible  storm  began.  Rain  drops  as  large  as  a  crown  piece  fell  at  first. 
These  were  succeeded  by  small  hailstones,  which  rapidly  increased  in  size  until 
they  became  as  large  as  bantam's  eggs.  A  wind  rose  at  the  time,  and  these  large 
missiles  fell  in  a  perfect  deluge.    A  scene  of  the  wildest  confusion  followed  in  th^ 
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Bf  arket  Place,  for  the  market  folk  had  not  then  started  on  their  homeward  ionmey 
Women  and  children  screamed  with  fright,  and  ran  into  the  nearest  shops  for 
shelter ;  but  these  did  not  afford  them  much  protection,  for  the  enormous  pieces 
of  ice  shot  through  the  y^  in  lows  like  cannon  balls.  With  such  force  did  they  fall 
that  pots  and  ornaments  on  the  opposite  walls  were  smashed  to  pieces.  The 
nitUing  of  &lling  glass  and  pots,  the  vivid  flashes  of  the  lightning  combined  with 
the  screams  of  the  women  and  children  and  the  heavy  peals  of  thunder,  formed  a 
scene  which  will  never  be  forgotten  by  those  who  witnessed  it. 

"  Some  of  the  pieces  of  ice  were  of  very  artistic  shape.  Others  were  round, 
two  inches  in  diameter,  and  a  quarter  of  an  inch  thick.  These  tapered  in 
picturesque  curves  to  a  point  in  the  centre,  and  the  round  edges  looked  as  though 
they  had  been  skilfully  carved.  Some  were  two  inches  long,  half-an-inch  in 
diameter,  and  were  prettily  marked,  while  others  were  simply  blocks  of  ice  of  all 
sizes  and  descriptions.  Some  of  these,  which  were  weighed  by  many  for 
curiosity,  turned  the  scale  at  three  and  a  half  ounces. 

**  The  damage  done  is  enormous,  and  very  few  houses  in  the  town  have  escaped 
without  broken  windows,  while  in  manv  of  the  large  houses  not  a  single  window 
remains  unbroken.  Most  damage  has  been  wrought  among  the  greex&ouses  and 
the  studios  of  the  photographers.  The  conservatories  at  Bolton  Crofts — ^Alderman 
Boper's,  Dr.  Garter*s,  and  others — ^were  all  riddled  through  and  through.  The 
houses  where  windows  faced  the  south  and  east  suffered  most.  The  bdk  of  the 
damage  was  done  in  Frenchgate,  Millgate,  Market  Place,  and  Newbeggin.  Sky- 
lights were  shattered  and  fell  crashing  to  the  ground,  greatly  alarming  ue  inhabi- 
tants.   The  studios  of  Messrs  Biley,  Metcalfe,  and  Sanderson,  were  wrecked, 

*'  In  the  King's  Head  Hotel,  no  less  than  175  panes  of  glass  were  smashed; 
at  Mr.  T.  MoGuinness*s  there  were  147,  and  at  the  Weslevan  Chapel,  there  were 
185  broken.  At  the  Newbeggin  side  of  the  Boman  Catholic  Church,  numbers  of 
the  small  diamond -shaped  windows  were  riddled  through,  and  those  in  the 
Primitive  Methodist  Chapel  were  shattered.  The  sky -light  over  the  magisterial 
quarters  of  the  Town  HsJl,  which  is  of  very  thick  glass,  was  smadied  to  pieces. 
Considerable  damage  has  been  done  to  garden  produce.  Apples,  pliuns, 
eocseberries,  and  currants  were  cut  to  pieces  and  strewed  over  the  land.  Small 
branches  and  leaves  were  cut  off  the  trees,  and  the  Queen's  Boad  after  the  storm 
presented  the  appearance  of  a  green  field. 

"  The  pieces  of  ice  could  be  picked  up  in  shovelfuls,  and  many  of  the  houses 
were  flooded.    All  the  damage  was  wrought  within  the  space  of  ten  minutes" 

I  visited  Bichmond  on  August  17th,  nearly  six  weeks  after  the  storm,  and 
from  what  I  saw  and  heard  I  do  not  think  that  the  above  account  is  at  all 
exaggerated.  The  storm  came  up  from  about  south-east  at  2.20  p.m.,  and  was 
accompanied  by  a  strong  wind.  The  air  was  also  very  thick,  being  described 
"  as  dark  as  pitch."  The  hailstones  were  first  about  the  size  of  marbles, 
and  these  were  succeeded  by  the  very  laj*ge  ones.  All  windows  facing  east 
to  south  were  broken.  The  violence  of  the  wind  and  the  force  with  which 
the  hailstones  feU  was  clearly  demonstrated  by  both  glass  and  hailstones 
being  hurled  from  the  windows  to  the  opposite  sides  of  the  rooms,  and  in 
one  instance,  which  I  measured,  25  feet  along  a  passage.  I  was  informed 
that  a  military  officer  saw  the  hailstones  rebound  to  a  height  of  20  feet.  I 
measured  a  tile  f  inch  thick,  which  had  been  broken  by  the  hail,  the 
fracture  being  B\  inches  in  diameter. 

As  hail  fell  at  Bedale  a  short  time  before  that  at  Richmond,  it  seems  that 
the  storm  was  developed  a  little  distance  south-east  of  Bedale,  and  that  it 
mcrensed  in  energy  as  it  travelled  along,  and  that  its  fury  was  not  spent 
until  it  had  swept  beyond  Bichmond.  The  width  of  the  storm  Was  from 
two  to  three  miles. 

Nearly  every  one  m  Bichmond  was  terribly  soared  by  this  storm,  and 
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many  thought  the  world  was  coming  to  an  end.  There  was  one  person, 
however,  who  did  not  lose  his  presence  of  mind,  and  that  was  Mr.  H.  J. 
Metcalfe,  who  collected  a  number  of  the  hailstones,  and  succeeded  in  getting 
two  photographs  of  them,  actual  size.^  These  are  most  interesting  and  in- 
structive, as  they  show  not  only  the  shape  and  the  size  of  the  hailstones, 
but  aJso  in  several  instances  their  structure. 


Fio.  3. 
OatVne  o£  Hailstone  (actual  size)  which  fell  at  Belleiele,  Eichmond,  Yorkshire. 

Mr.  M.  Cooper,  of  York,  made  a  drawing  of  two  hailstones  which  he 
picked  up  in  a  bed  room  at  Belleisle,  about  half-a-mile  out  of  Richmond. 
The  one  shown  in  fig.  8  had  been  in  the  room  some  time  before  it  was  found, 
and  consequently  was  reduced  in  size. 

Otheb  Storms. 

Between  4  and  5  p.m.  violent  hailstorms  occurred  in  the  neighbourhood 
of  the  Bivers  Ouse  and  Wharfe.  Large  hailstones  fell  at  Goole,  Howden, 
and  Selby,  while  at  Snaith  they  are  described  as  being  <'  as  large  as  plums," 
and  at  Tadcaster  '*  as  large  as  marbles.'* 

During  the  aitemoon  a  violent  thunderstorm  passed  in  an  almost  straight 
line  from  Kormanby  to  beyond  Darlington,  that  is  to  say  from  south- 
south-east  to  north-north-west.  Its  path,  which  followed  very  closely  the 
main  line  of  the  North  Eastern  Railway,  was  clearly  indicated  by  persons 
and  cattle  being  struck  by  lightning. 

A  number  of  thunderstorms  prevailed  over  the  south-eastern  counties 
during  the  afi;emoon.  These  travelled  mostly  in  an  easterly  or  north- 
easterly direction.     Some  hail  fell  at  Crowborough. 

A  succession  of  violent  thunderstorms  also  passed  over  the  north-east  of 
England  and  the  south-east  of  Scotland  during  the  aflemoon  and  evening. 

In  the  evening  about  10  p.m.  a  thunderstorm  passed  along  the  north* 
west  coast  of  England,  which  was  accompanied  by  heavy  rain. 

^  These  photographs  are  given  in  the  Hon«  RoUo  Btt8sell*s  book  On  BaiU    London, 
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Babomktbigal  Pbessurb. 
From  the  Daiiy  Weaiher  Report  at  8  a.m.  it  appears  that  there  was  a  de- 
pression lying  over  the  west  of  Ireland,  the  lowest  barometer  reading  being 
29*58  ins.  at  Valencia.  The  pressure  increased  to  80*0  ins.  and  upwards 
over  nearly  the  whole  of  Scandinavia,  Denmark  aad  Germany,  as  well  as  in 
Spain,  and  to  80*1  ins.  and  upwards  in  the  north  of  Norway.  The 
gradients  were  consequently  slight  for  Southerly  and  South-easterly  winds* 


I  endeavoured  to  prepare  hourly  charts  from  8  a.m.  to  midnight,  showing 
the  distribution  of  pressure  and  the  direction  of  the  wind.  I  was  not, 
however,  successful,  as  the  data  available  were  insufficient  for  the  purpose. 
By  plotting  on  charts  the  changes  in  pressure  from  hour  to  hour,  it  appeared 
that  the  barometer  was  falling  steadily  over  the  greater  part  of  England,  but 
in  Yorkshire  and  the  south  of  Scotland  considerable  changes  in  pressure 
occurred,  these  changes  being  greatest  and  most  numerous  at  the  times  of 
the  occurrence  of  the  thunderstorms.  The  barograph  traces  exhibited 
considerable  oscillations  at  the  times  of  the  passage  of  the  thunderstorms, 
that  at  Leeds  (fig.  5)  showing  a  remarkable  rise  of  *06^inch  between  1  an4 
2  p.m.,  which  was  no  doubt  connected  with  iho  Harrogate  jstorm, 
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Rainfall. 
Bain  fell  over  the  whole  of  England  and  Wales  and  the  south  of  Scotland 
dnring  the  day;  the  amonnts  over  the  sonthem  half  of  England  were 
generally  under  a  quarter  of  an  inch.  Over  the  north  of  England  and  the 
south  of  Scotland  the  rainfall  for  the  most  part  exceeded  half-an-inch ;  while 
along  the  north-east  coast  and  part  of  the  north-west  coast,  the  north-west  of 
Yorkshire,  Durham,  Northumberland,  and  part  of  the  south-west  of  Scotland 
the  rainfall  was  over  an  inch.    At  Durham  the  rainfall  amounted  to  2*42  ins. 
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Fia.  5. 
Barograph  trace  at  Leeds,  July  8th,  1893  (The  eloek  was  about  20  minntes'slow). 

Paths  and  Bate  of  Tbavel. 
The  storms  in  the  northern  part  of  the  country  travelled  generally  in  a 
north-north-westerly  direction  at  the  rate  of  about  20  mUes  an  hour.  They 
appear  to  have  taken  the  path  of  the  least  resistance,  and  consequently 
passed  over  low  ground  and  along  the  river  vallejrs  and  the  sea  coast. 
Several  storms  seem  to  have  followed  each  other  along  the  same  track. 

LiaHTNING. 

The  lightning  in  some  of  the  storms  was  very  destructive,  many  persons 
and  animals  being  killed.    There  are  two  cases  which  I  wish  to  mention. 

The  first  is  that  of  a  man  named  Budd,  at  Harrogate,  who  had  the  crown 
completely  taken  out  of  his  hat,  though  he  himself  was  uninjured.  The 
second  is  that  of  a  man  on  a  haystack  who,  when  struck  by  lightning,  was 
V^Ud  up  in  the  air,  and  then  carried  out  against  the  wind,  and  fell  to  the 
ground  like  a  stone.  As  this  may  have  been  the  result  of  a  discharge  from 
the  earth  to  the  cloud,  or  what  is  sometimes  called  an  "  upstroke,"  I  think 
it  desirable  to  give  the  following  report  of  the  inquest  from  the  Peterborovgh 
Advertiser^  July  15th. 

*'  Whxttleset.  a  Man  Killed  Bt  LiOHTNiNO.^During  the  ^eat  storm  on 
Saturday  William  Smith,  landlord  of  the  '  Gross  Guns, '  wm  putting  a  tarpaulin 
on  a  haystack  with  two  other  men,  when  aU  three  were  struck  by  lightning,  and 
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Smith  tmfortnnaiely  was  killed.    An  inqaeet  was  held  at  the  '  Cross  Gtins '  Inn, 

on  Monday,  by  Mr.  G.  Garriek,  depnty-coroner,   on  the  body.     Mr.  E.  G. 

Elderkin  was  foreman  of  the  jury,    The  first  witness  was  Samuel  Lyon,  labourer, 

who  stated :  I  lived  at  Stowe,  but  at  present  am  working  for  Mr.  Eeeble  on  his 

£Eurm  near  the  '  Cross  Gxms  *  Inn.    I  knew  deceased  and  indentify  the  body  just 

viewed  by  the  jury  as  that  of  William  Smith.    He  was  I  believe  48  years  of  age. 

On  Saturday  last  I  was  working  on  Mr.  Keeble's  fEirm,  and  the  deceased  was 

working  with  me  about  a  quarter  to  two  in  the  afternoon.    He  and  I  were  on  the 

top  of  a  haystack  and  a  thunderstorm  appeared  to  be  coming  up.    We  were 

engaged  covering  the  stack  with  sheetings.    Whilst  so  engaged  a  flash  of  lightning 

play^  round  about  us.    The  shock  brought  me  on  my  knees.    I  was  just  speaking 

to  him,  and  all  of  a  sudden  he  appeared  to  be  lifted  off  the  top  of  the  stack  and  fell 

on  to  the  ground,  at  a  distance  of  about  25  feet.  The  sheeting  on  the  top  of  the  stack 

was  smo^ng  as  if  struck  by  lightmng.    When  the  deceased  fell  I  at  once  went 

to  him.    He  was  lying  stretched  out  on  the  ground.    The  cloth  cap  now  produced 

I  saw  about  a  yard  from  the  deceased.    It  is  rent  open  firom  the  top  to  the  edge. 

It  has  a  slight  mark  as  if  of  burning  upon  it.    When  I  went  up  to  him  I  undid 

his  shirt  collar  and  lifted  him  up.    He  gave  no  sign  of  life.    I  believe  he  was 

then  dead. — Gideon  Infield  stated:  I  am  a  farmer  and  live  at  Bamsey,  Hunts. 

On  Saturday  last,  about  a  quarter  to  two,  I  was  engaged  carting  hay  for  Mr. 

Keeble  near  the  '  Cross  Chins.'    I  was  near  the  hay  stack  referred  to  by  last 

witness,  and  he  and  deceased  were  upon  the  stack  covering  it  up  with  sheeting, 

bnt  had  not  then  done  so     I  had  just  finished  my  dinner,  when  a  thunderstorm, 

accompanied  by  a  high  wind,  came  on.    A  flash  of  lightning  passed  me,  which 

was  immediately  followed  by  another  flash  and  a  very  loud  peal  of  thunder. 

The  second  flash  went  in  the  direction  of  the  deceased,  and  I  saw  it  strike  him 

at  the  back  of  the  head,  and  the  shock  brought  Lyon  on  his  hands  and  knees, 

on  the  top  of  the  stack.    I  saw  the  cloth  cap  now  produced,  and  which  deceased 

was  wearing  on  his  head  when  he  was  struck.    The  deceased  was  lifted  up  about 

4  to  6  feet  m  the  air  in  a  perpendicular  direction,  and  was  then  earned  out 

against  tiie  wind  for  8  or  10  yards,  away  firom  the  stack,  and  fell  to  the  ground 

l£e  a  stone.    I  was  about  60  yards  firom  the  place,  but  hurried  up  to  the 

deceased,  who  was  lying  stretched  out  on  the  ground.    He  never  moved  again. 

His  pulse  gave  no  sign  of  life. — ^Arthur  Jordan  Vialls  stated:  I  am  a  poUce- 

constable  in  the  Isle  of  Ely  force,  stationed  at  Coates.    On  Saturday  afternoon 

last  the  death  was  reported  to  me  of  the  deceased.    I  at  once  went  to  Eeeble*s 

farm,  where  I  saw  the  dead.  body.    I  found  a  mark  on  the  right  side  of  the  neck 

similar  to  that  of  a  bum.    It  appeared  to  be  recent.    I  examined  the  shoulder 

and  chest  without  removing  all  the  clothes,  but  saw  no  other  marks  or  bruises. 

I  saw  the  cloth  cap  which  I  now  produce.    It  was  lying  on  the  deceased's  fieMse, 

and  was  in  the  same  condition  as  it  is  now.    It  has  a  rent  firom  the  button  on  the 

top  down  the  back  to  the  edging. — A  verdict  was  returned  that  deceased  was 

aooidentaliv  lolled  by  lightning.    The  only  mark  on  deceased  was  the  shght  bum 

on  the  neck." 

FOBMATION  OF  HaIL. 

In  the  drawings  and  photographs  of  the  sections  of  the  hailstones,  there 

are  several  alternate  coatings  of  opaque  and  clear  ice.    These  coatings  must 

be  due  to  the  revolutions  accomplished  by  the  hailstone  which  was  probably 

drawn  in  towards  the  vortex  of  the  storm  several  times.    Ferrel,  in  his 

Foptdaf  Treatue  on  tJu  Winds,   gives  the  following    explanation  of  the 

formation  of  hail  (p.  428)  :— 

**  The  origin  of  the  hailstone  is  often  not  a  rain  drop,  but  a  bunch  of  snow 
formed  in  the  snow  region,  and  moistened  hy  the  rain  carried  up  into  this 
region  before  it  has  had  time  to  become  firozen  into  hail.  This  moist  snow  is 
kept  up  there  until  it  fireezes,and  after  that,  while  beilig  kept  up  there,  and  after 
it  commences  to  &11,  so  long  as  its  temperature  remains  bmow  zero  it  continues 
to  receive  a  coating  of  ice  from  the  ram  which  is  carried  up  past  it  and  that 
through  which  it  falls*  As  it  grows  and  is  carried  outward  above  where  the 
aacencmig  onrrent  is  weaker,  it  finally  becomes  too  heavy  to  be  kept  sua- 
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ponded  in  the  air,  and  falla  to  the  earth  a  hailstone,  with  a  kernel  of  frozen 
$now  in  its  centre.  In  such  a  case  we  may  imagine  the  soft  ball  of  snow  to  have 
originated  in  the  snow  region  at  m  (fig.  6)  and  then  to  have  been  kept  par- 
tially suspended  and  to  have  been  cajrried  up  and  out  slowly  from  the  centre  to 
a  distance  where  it  could  drop  down,  having  become  meanwhile  reduced  to  a 
low  temperature,  and  that  on  its  way  down  it  received  a  coating  of  ice  from  the 
small  ascending  rain  drops,  or  others  with  which  it  came  in  contact  during  its 
faU,  and  that  it  finally  reached  the  earth  at  n. 


Fio.  6. 
Feirel^s  Theory  of  the  Formation  of  Hail. 

"  It  often  happens,  however,  that  in  falling  very  gentlv  where  the  ascending 
current  at  no  great  distance  from  the  vortex  is  not  quite,  but  nearly,  sufficient  to 
keep  it  suspended,  it  is  drawn  in  again  by  the  indrawing  currents  from  all  sides 
towards  the  vortex,  as  the  scud  clouds  under  the  rim  of  the  tornado  cloud, 
where  the  ascending  current  is  sufficient  to  carry  it  up  again  into  the  snow 
region,  where  it  receives  a  coating  of  snow  moistened  by  the  small  rain  drops 
carried  up  into  the  snow  region  before  they  freeze.  This  coating  now  becomes 
frozen  solid,  and  the  whole  mass,  it  may  be,  reduced  considerablv  below  zero 
temperature  before  it  is  carried  out  above,  where  it  can  gradually  drop  down 
again  toward  the  earth ;  and  in  falling,  even  through  the  lower  part  of  the  snow 
region  where  there  is  little  snow,  but  mostly  rain  drops  not  yet  frozen,  it  re- 
ceives another  coating  of  solid  ice ;  for  its  temperature  having  been  reduced 
considerably  below  zero,  it  continues  to  freeze  the  rain  coming  in  contact  with 
it  for  a  long  distance  after  having  passed  down  into  the  cloud  region.  But  in 
gently  falling  down  it  may  be  drawn  in  a  second  time  towards  the  centre  and 
be  carried  up  by  the  ascending  current  into  the  snow  region  and  receive  another 
coating  of  solid  ice  in  the  same  manner  as  before.  This  process  may  be  repeated 
a  number  of  times,  in  each  of  which  the  hailstone,  disregarding  its  gyratory 
motion  all  the  while,  describes  a  kind  of  orbit  not  returning  into  itself,  some- 
what  as  represented  in  fig.  6,  until  finally  it  is  carried  out  above  so  fiEkr  from 
the  centre,  or  the  strength  of  the  tornado  becomes  so  much  weakened,  that  it  is 
no  longer  carried  in  toward,  and  up  in,  the  central  part,  but  £gJ1s  to  the  earth  a 
hailstone  xcith  a  snow  kernel  and  a  number  of  alternating  concentric  coatings  of 
solid  ice  and  frozen  wet  snow. 
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'*  In  this  case  we  may  suppose  the  small  snowball  to  have  originatefi  at  p  and 
to  have  been  carried  np  and  out,  and  then  to  have  fallen  down  and  to  have  been 
drawn  in  toward  the  centre  several  times,  until  finally  it  was  carried  out  so  far, 
and  had  grown  to  be  so  heavy  that  it  was  not  brought  in  toward  the  centre,  but 
dropped  down  to  the  earth  at  q." 

The  above  explanation  seems  to  account  for  the  numerous  alternate  coatings 
of  opaque  and  clear  ice  in  the  large  hailstones.  In  each  of  the  storms  in 
which  hail  fell,  the  same  characteristics  were  reported,  viz.  great  darkness, 
squall  of  wind,  severe  thunderstorm,  and  heavy  rain.  All  these  seem  to 
show  that  the  air  was  in  violent  agitation  favourable  for  the  production  of 
large  hailstones. 

In  conclusion,  I  would  remark  that  the  results  of  this  investigation  con- 
firm those  set  forth  in  my  *<  Report  on  the  Thunderstorms  of  1888  and 
1889." 


THE  GREAT  STORM  OF  NOVEMBER  16th-20th,  1893. 

By  CHARLES  HARDING,  F.R.Met.Soc. 


[Bead  December  20th,  1893.] 

The  storm  which  forms  the  subject  of  this  paper  was  so  disastrous  both 
with  respect  to  loss  of  life  and  property  on  our  seas,  as  well  as  having 
occasioned  considerable  loss  and  suffering  on  shore,  in  addition  to  the 
vast  destruction  of  timber,  especially  over  the  northern  portion  of  the 
Kingdom,  that  it  seems  desirable  that  some  account  of  its  occurrence  should 
appear  in  the  Quarterly  Journal  of  the  Society. 

For  a  few  days  prior  to  the  storm  a  large  area  of  high  barometric  pressure 
spread  from  the  neighbourhood  of  Iceland,  over  Great  Britain  and  the  North 
Sea,  to  central  Europe.  This  high  pressure  system  moved  steadily  to  the 
south-eastward,  while  a  small  disturbance  reached  us  from  the  Atlantic  and 
advanced  eastwards  up  the  English  Channel  and  to  Germany  during  Novem- 
ber 14th  and  15th. 

This  pilot  disturbance  caused  a  partial  giving  way  of  the  high  pressure 
area  over  western  Europe,  but  on  November  16th  high  barometer  readings 
had  again  asserted  themselves  over  Russia,  and  doubtless  the  re-establish- 
mcnt  of  anticyclonic  conditions  over  central  Europe  had  a  most  important 
influence  on  the  track  of  the  storm,  which  was  at  that  time  within  so  short  a 
distance  of  our  western  coasts. 

The  earliest  intimation  of  the  approach  of  bad  weather,  in  connection  with 
the  storm  which  forms  the  subject  of  this  paper,  was  shown  at  Valencia  at 
4  p.m.  on  the  15th,  when  the  barometer  cpmmenced  to  fall  and  the  wind 
an  hour  or  BO  afterwards  began  to  freshen  from  the  South-east.    The  Meteo- 
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rological  Office,  in  its  remarks  prepared  for  publication  in  the  next  morning's 
newspapers,  reasoning  on  the  telegraphic  reports  made  on  the  15th  at  6  p.m., 
said  :  ^*  The  high  pressure  area  over  England  and  the  North  Sea  is  moving 
eastwards,  and  new  low  pressure  systems  seem  to  be  advancing  from  the 
westward."  At  this  time  the  central  area  of  the  approaching  storm  system 
was  about  500  miles  to  the  south-west  of  Valencia. 

At  8  a.m.  on  the  16th  the  barometer  at  Valencia  had  fallen  to  29*42  ins., 
which  was  a  fall  of  0'48  in.  since  the  previous  day ;  and  the  North-easterly 
wind  which  had  been  blowing  over  the  British  Islands  had  given  way  en- 
tirely to  a  warm  and  humid  South-westerly  current  of  air,  under  the  influence 
of  the  large  disturbance  which  was  rapidly  approaching  our  shores  from  the 
westward.  The  telegraphic  reports  received  by  the  Meteorological  Office  did 
not  show  a  stronger  force  than  a  moderate  gale  (7  of  Beaufort's  Notation), 

(and  that  force  was  only  attained  at  Valencia,  Boche's  Point,  and  Scilly. 
The  gradient  for  Southerly  winds  at  8  a.m.  was  0*6  in.  in  460  miles. 
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At  noon  the  Barque  Arid — Oaptain  U.  S.  Goldsmith — ^keeping  a  log  for 
the  Meteorological  Office,  was  near  the  centre  of  the  disturbance.  The 
lowest  readmg  of  the  barometer  occurred  at  this  time,  and  the  wind  is  reported 
as  calm.  The  vessel  at  noon  was  about  800  miles  west  of  Valencia,  and  the 
captain  afterwards  reported  a  heavy  North-westerly  gale  lasting  about 
8  days. 

The  2  p.m.  reports  showed  that  a  strong  gale  was  blowing  at  Scilly,  and  a 
fresh  gale  at  Valencia  from  South-east,  while  the  barometric  fall  had  ex- 
tended over  the  whole  Kingdom. 
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At  6  p.m.  the  central  area  of  the  storm  was  within  a  few  miles  of  onr 
extreme  south-west  coasts,  and  in  the  south  of  Ireland  the  barometer  had 
fidlen  to  28*8  ins. ;  while  on  our  south-east  coasts  it  was  nearly  an  inch 
higher.  The  gradients  for  South  and  South-west  winds  had  therefore  con- 
siderably increased  since  the  morning,  and  gales  or  strong  winds  were  now 
blowing  over  the  whole  of  the  British  Islands. 

The  lowest  barometer  occurred  at  Valencia  at  7  p.m.  on  the  16th,  and  the 
wind  shifted  from  East  by  south  to  West-south-west  between  8  and  9  p.m. 

At  8  a.m.  on  the  17th  the  central  area  of  the  storm  was  situated  over  the 
west  of  Scotland,  the  lowest  barometer  reading  being  28*58  ins.  at  Ardrossan. 
The  storm  had  traversed  Ireland  at  the  rate  of  about  24  geographical  miles 
per  hour,  passing  from  south-west  to  north-east  during  the  preceding  night ; 
and  the  winds  at  all  the  Irish  stations  had  shifted  to  the  North-westward 
and  had  generally  moderated  in  force.  During  the  night  and  early  morning 
a  heavy  gale  was  experienced  over  Ireland  and  in  the  north  of  Scotland,  as 
well  as  at  many  places  in  England.  The  greatest  difference  of  barometer 
readings  in  a  given  distance  was  now  in  the  rear  of  the  storm,  where  a 
rapid  recovery  had  set  in. 
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At  2  p.m.  the  centre  had  traversed  Scotland,  and  was  situated  close  to  the 
eastward  of  Peterhead.  The  anemometrical  records  at  Aberdeen  show  a 
shift  of  wind  from  South  by  east  to  West  by  north  between  1  and  2  p.m. 

The  winds  had  become  North-westerly  over  the  greater  part  of  England, 
while  the  steepest  gradients  were  in  the  south-western  segment  of  the  storm 
l^a  and  for  decidedly  North-westerly  gales. 
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The  6  p.m.  observations  showed  that  the  central  area  of  the  storm  was 
close  to  the  eastward  of  Wick,  where  the  barometer  was  28*57  ins.,  and  a 
moderate  gale  was  blowing  from  the  North.  The  gradients  for  North-westerly 
winds  were  still  very  steep,  the  difiference  of  the  barometer  from  Wick  to 
Valencia  amounting  to  an  inch.  The  North-westerly  gale  was  very  strong, 
bat  winds  had  lolled  considerably  over  the  eastern  portion  of  the  Kingdom, 
where  subsidiary  disturbances  were  very  prevalent.  The  north-westerly 
gradient  extended  from  Wick  to  the  south  of  Spain. 

The  anemograms  at  Deerness,  Orkney,  show  that  at  6  p.m.  the  wind 
shifbed  from  East  by  north  to  North  by  east,  and  the  velocity  increased 
very  suddenly. 

At  8  a.m.  on  the  18th  the  storm  system  had  taken  a  very  sudden  and 
abrupt  change  in  its  path,  and  was  now  travelling  south-eastwards,  skirting 
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close  to  our  east  coasts.  The  centre  was  situated  in  the  North  Sea  about  50 
miles  to  the  east  of  Scarborough,  but  the  disturbance  was  gradually  filling  up, 
the  lowest  barometer  readiog  being  28-99  ins.  at  Spurn  Head .  The  gradients 
for'  Northerly  winds  were  the  steepest,  the  difference  of  barometer 
reading  amounting  to  an  inch  between  York  and  Valencia.  Gales  occurred 
in  the  preceding  night  over  nearly  the  entire  Kingdom,  and  were  exceptionally 
severe  over  Scotland  and  very  heavy  over  Ireland. 

The  self-registering  records  at  Aberdeen  indicate  that  the  centre  of  the 
storm  area  repassed  that  station  on  a  south-easterly  track  between  9  and 
10  p.m.  on  the  17th.     It  passed  AJnwick  Castle  about  1  a.m.  on  the  18th. 

At  2  p.m.  the  central  area  of  the  disturbance  was  still  situated  off  the  south- 
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east  coast  of  Eaglanl,  th3  lowest  barometer  reading  being  29*08  ins.  at 
Tarmoath.  Gradients  were  steep  over  the  entire  Kingdom  for  Northerly 
windsi  and  gales  were  blowing  over  nearly  the  whole  of  the  British  Islands. 
The  barometer  was  now  rising  in  all  parts  of  the  country. 

The  6  p.m.  observations  showed  that  the  centre  was  continuing  its  passage 
to  the  south  south-east,  and  was  now  situated  over  Belgium.  Strong  Northerly 
gales  were  still  prevalent  over  the  United  Kingdom,  and  the  wind  had  increased 
in  force  over  the  south-east  of  England.  The  difference  of  barometer  readings 
between  Valencia  and  the  coast  of  Kent  was  rather  more  than  an  inch. 

At  8  a.m.  on  the  19th  the  disturbance  had  again  taken  rather  a  different 
course,  and  was  travelling  east-south-eastward  ;  the  centre  lay  now  close  to 
Ouxhaven,  where  the  barometer  was  reading  29*10  ins. 

Northerly  gales  continued  to  blow  on  most  of  our  coasts,  but  the  gradients 
were  becoming  loss  stsap  over  tba  wastern  portion  of  the  Kingdom ;  they 
were,  however,  still  steep  over  the  south-east  of  England,  and  were  accom- 
panied by  strong  Northerly  gales. 


Sl^i/^<A-      XoV.20.183: 
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On  the  20th  the  gradients  were  steep  for  Northerly  winds,  but  the 
gales  were  generally  subsiding,  although  still  blowing  strongly  on  our  south- 
east coasts,  and  at  Yarmouth  the  highest  wind  velocity  throughout  the  gale 
was  attained  at  5  a.m. 

The  anemograph  records,  Itindly  supplied  by  the  Meteorological  Council, 
have  been  tabulated  for  a  period  of  4^  days,  and  are  given  for  16  different 
9t|itiQns  over  the  United  Kingdom  in  Table  I.     They  show  that  the  hourly 
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yelooitj  ofthe  wind  was  45  miles,  or  above  it,  in  some  part  ofthe  British  Islands 
almost  oontinnously  for  4^  days.  In  this  Table,  and  throughout  this  paper, 
the  footor  8  has  been  retained,  as  no  systematic  change  has  yet  been  intro- 
duced into  the  anemometrical  records  either  in  this  country  or  abroad.  The 
anemometers  used  are  not  all  of  the  pattern  known  as  the  large  Bobinsoi^, 
but  quite  irrespective  of  the  difference  this  would  occasion  there  are  wi(^ 
differences  which  cannot  satisfactorily  be  explained.  For  instance,  at  statiox^ 
BO  close  together  as  Holyhead  and  Liverpool,  the  average  hourly  velocities  fcjr 
the  4^  days  are  respectively  54  miles  and  80  miles.  On  the  other  hand,  it  w^ 
be  seen  that  the  average  hourly  velocity  during  the  whole  period  of  the  gale 
was  identical  at  Greenwich  and  Kew,  being  23  miles  at  both  observatones. 

The  absolutely  highest  hourly  velocity  in  Table  I.  is  96  miles,  recorded  fljt 
Deemess  in  the  Orkneys  at  9  p.m.  on  the  17th.  The  hourly  velocity  ait 
Orkney  was  90  miles  or  above  for  five  consecutive  hours,  and  the  observer, 
Mr.  Spence,  says  "  the  hurricane  commenced  exactly  at  6  p.m.  on  the  17th, 
like  the  shot  of  a  gun."  It  will  be  seen  from  Table  I.  that  at  5  p.m.  the 
hourly  velocity  was  14  miles,  at  6  p.m.  it  was  46  miles,  and  at  7  p.m.  it  had 
increased  to  81  miles. 

There  are  only  five  previous  instances  in  80  years,  since  1868,  of  the  wind 
attaining  80  miles  and  upwards  in  the  Orkneys  ;  these  instances  are  all  given 
in  Table  III.  (p.  51).  The  absolutely  highest  velocity  previously  observed  in 
Orkneys  was  88  miles  an  hour. 

Table  II.  gives  a  few  of  the  principal  details  from  Table  I.  grouped  to- 
gether for  the  purpose  of  comparison.  From  the  column  showing  the  maximum 
velocity  it  will  be  seen  that  the  greatest  violence  of  the  wind  on  shore 
occurred  at  Orkney,  Holyhead,  and  Fleetwood.  The  gale  was  of  longest 
duration  at  Holyhead,  the  wind  attainiug  the  hourly  velocity  of  45  miles 
(force  8  of  Beaufort's  Notation)  or  upwards,  for  76  hours,  while  it  was  65 
miles  (force  10)  for  81  hours,  and  for  4  hours  it  was  85  miles  or  upwards 
(force  12). 

Table  III.  gives  the  dates  of  severe  gales  from  1869  to  1898,  a  period  of 
25  years,  on  which  the  wind  velocity  was  80  miles  an  hour  and  upwards,  as 
registered  by  the  anemometers  erected  by  the  Meteorological  Office. 

The  above  records  in  all  show  21  gales  in  which  the  hourly  velocity  of 
the  wind  has  attained  80  miles  which  have  occurred  in  the  British  Islands 
during  the  last  quarter  of  a  century. 

The  following  are  notes  of  squalls  recorded  by  anemometers  during  the 
gale  on  November  18th : — 

Deemess, — There  is  evidence  of  strong  squalls,  but  owing  to  the  general 
steepness  of  the  lines  it  is  difficult  to  separate  individual  squalls.  From  9.55  p.m. 
to  10.25  p.m.  60  miles  were  registered  ^  100  miles  per  hour.  Just  before  mid- 
night the  trace  over  some  minutes  gives  a  rate  of  considerably  over  100  miles 
per  hour. 

Fleetwood. — About  10  a.m.,  for  half -an -hour,  a  rate  of  nearly  100  miles  per 
hour  was  attained.  Near  noon,  in  severe  squalls,  a  rate  of  quite  120  miles  per 
hour  is  shown. 
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TABLE  n.— FoBOi  or  Wind  zia>zoiTBD  bt  Vblooitt  AimcoianBS,  NoTUOin 

z6tB,  ro  A.H.»  TO  20TB,  9  P.M. 
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Maximum  Velocity. 
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2  a.m. 

6ajn. 


.s| 


31 


40 

a 


z6 


76 
3X 


17 

41 


X5 


4 

12 


31 


33 
z6 

*5 

39 

2^5 
33 
43 

30 

54 
33 


«3 

4X 


TABLB  III.— Batibs  or  Qaub  vbok  1868  to  1898,  wxib  Wxirn  Vblocrt  80 

HOUBAITD  UFWABD8. 


AS 


Station. 


Sandwick  ..«, 
Valenda  .... 
Holyhead  .... 

f  f         «... 

Sandwiek  ...., 

Yarmoath     • . 

Valenoia    .... 

Sandwiok  .... 
ft  .... 

ti  . .  •  • 

Valenoia    .... 

Fleetwood  . . 
1*         •  • 

Holyhead  .... 

Alnwick  Castle 

Fleetwood  .... 
t»  •  •  •  • 
i»  •••• 
ft  .... 
ft        . . . . 

Orkney 

Fleetwood  . .  • » 

Holyhead  .... 


Date  and  Honr  of 
Maximum  Velocity. 


Z869. 

187Z. 

Z872. 

(Z877. 

X877. 

i88z. 
x88i. 
Z882. 
Z884. 
Z885. 
Z885. 
1886. 
1887. 
Z887. 
z888. 
Z889. 
1889. 
Z890. 
1890. 
Z89Z. 
1893. 
1893. 
x893« 


Feb.  27,  4  a.m. 
Jan.  Z5,  zz  p.m. 
Not.  23,  7  p.m. 
Feb.  20,   3  a.m. 

ti  If  4  **™' 
Not.  z6,  3  a.m. 
Jan.  z8,  zi  a.m. 
Nov.  21,  zo  p.m. 
Jan.  6,  5  p.m. 
Jan.  20,  9  am. 
Feb.  2Z,  Midt. 
Deo.  3,  9  p.m. 
Dec.  9,  9  a.m. 
May  20,  8  a.m. 
Not.  z,  zz  a.m. 
Not.  z6,  zz  a.m. 
Feb.  8,  8  p.m. 
Oct.  7,  zz  a.m. 
Oct.  z6,  5  p.m. 
Not.  7,  9  a.m. 
Deo.  zz,  z  a.m. 
Nov.  Z7,  9  p.m. 
Nov.  z8,  zo  a.m. 
Nov.  z8,  zz  ajn. 


Direction  ol 
Wind. 


Iff 


NWbyW 

S8W 

SSB 

NW       1 

NWbyN 

W 

E 

SW 

w 

WbyS 

SbyE 

SbyW 

NWbyW 

NW 

SB 

SW 

NW 

WbyN 

NW 

NNW 

NW 

N 

N 

NbyW 


8z 
8z 
80 

82 

83 
80 
82 
82 
88 
82 
82 
80 
9X 
80 
80 
86 

82 
87 
90 
96 

89 
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HdyhMd.— The  trace  is  tmsatisfactory  for  observation  of  squalls,  but  the 
required  information  is  supnlied  by  the  "  oridled  "  anemometer. 

Scilly. — ^There  are  no  indications  of  squalls  of  exceptional  strength,  but  the 
anemometer  here  is  of  smaller  size,  and  the  trace  is  also  smaller  in  width. 

Dublin. — ^Nothing  worthy  of  special  remark. 

Falmouth. — Nothing  remarkable. 

Valencia. — Squalls  are  shown  on  the  trace,  but  they  are  not  very  marked. 

Armagh. — ^Nothing  calling  for  special  note. 

Aberdeen, — ^Some  well-marked  squalls,  one  at  3A5  a.m.  18th,  quite  80  miles 
per  hour. 

Kew, — ^Trace  indicates  a  very  squally  wind ;  there  are  some  vety  distinct  squalls 
shown,  but  the  shortest  reliaole  piece  of  line  does  not  give  more  than  55  miles 
per  hour. 

The  <'  bridled  "  anemometer  at  Holyhead,  which  is  essentially  snitable  for 
the  registration  of  gusts,  gives  several  instances  of  gasts  at  the  rate  of  115 
miles  an  hour,  using  the  old  factor  8.  Gusts  of  this  force  were  of  consider- 
able frequency  on  the  18th  from  6.80  a.m.  to  11  a.m.,  and  indeed  nntil  8 
p.m.  the  violence  of  the  gusts  was  bat  very  little  less. 

Mr.  Dines*  '^  tube  "  anemometer,  which  is  in  work  at  the  Meteorological 
Office  in  Victoria  Street,  Westminster,  gave  the  TnftTimnr^  velocity  of  the 
squalls  as  78  miles  an  hour  on  the  18th  between  5  and  6  p.m.,  the  hciot  8 
again  being  used. 

There  were  many  squalls  of  considerable  interest  during  the  gale,  and  in 
some  instances  they  can  be  traced  for  a  considerable  distance  over  the 
country.  The  scope  of  this  paper  will  not  admit  of  any  especial  attention 
being  given  to  these,  although  it  is  the  squalls  in  such  gales  that  are  of  the 
highest  importance,  and  it  is  these  which  probably  occasion  the  largest  amount 
of  damage  and  which  render  the  storm  so  destructive.  One  squall  which 
passed  over  the  Metropolis,  and  was  traceable  for  some  distance  on  its  out- 
skirts, took  place  on  the  17th  between  5  and  6  p.m.,  fully  24  hours  before  the 
greatest  violence  of  the  gale  occurred.  Mr.  Ellis  has  sent  me  tracings  of  the 
self  registering  instruments  at  Greenwich  which  show  this  squall  to  have 
passed  over  the  Boyal  Observatory  at  5.48  p.m.  on  the  17th — ^it  is  very 
clearly  shown  in  all  the  records  of  the  self-registering  instmments.  At  Eew 
it  is  equally  well  marked,  and  occurred  at  5.20  p.m.,  while  Mr.  Mawley's 
anemograms  show  that  it  occurred  at  Berkhamsted  at  5  p.m.  The  same 
characteristic  is  shown  by  two  interesting  barograms  lent  by  Mr.  L.  P. 
Casella,  the  sqnall  passing  over  Holbom  at  about  6  p.m. 

It  is  not  possible  to  give  in  detail  an  exact  statement  of  the  chan^fes  shown 
by  the  anemograms,  but  the  following  brief  summaries  may  be  of  interest  as 
supplementing  the  hourly  velocities  given  in  Table  I. 

Valencia  — ^There  was  a  decided  lull  in  the  wind  during  the  evening  of  the 
16th,  and  at  7  p.m.  the  velocity  was  only  3  miles  an  hour,  the  direction  at  the 
time  being  East  by  south  ;  there  was  a  sudden  shift  to  West-south-west  at  9  p.m., 
after  which  the  wind  deci'Iedly  increased.  The  wind  afterwards  shifted  steadily 
through  West  to  North,  where  it  remained  during  nearly  the  whole  of  ihe  17th, 
18th,  and  19th.  The  maximum  force  of  60  miles  in  the  hour,  which  occurred  at 
4  a.m.  on  the  18th,  was  from  North-north-west. 

Dublin, — ^The  wind  hauled  steadily  from  South-east  through  South  and  West 
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to  North,  where  it  remained  for  about  3  days.    The  strongest  wind  was  from  duQ 
North.  ^  ^  . 

Armagh. — The  wind  changed  from  East  through  South  and  West  to  North, 
the  change  being  greatest  in  the  early  morning  hours  of  the  17th,  the  diiection 
was  East- south-east  at  1  a.m.  and  West  at  4  a.m.  It  remained  fairly  steady  at 
North  for  fully  3  days.    The  maximum  force  was  from  North. 

Orkney. — ^The  direction  was  steady  at  South  during  the  after  part  of  the  16tbt 
On  the  17th  it  drew  gradually  Easterly,  and  at  5  p.m.  was  East  by  north,  the 
velocity  being  7  miles  an  hour.  At  6  p.m.  it  shifted  to  North  by  east,  and  the 
Telocity  had  increased  to  46  miles  an  hour ;  at  7  p.m.  it  had  increased  to  81  miles, 
the  direction  beine  North,  and  it  afterwards  remained  steady  at  North  for  nearly 
three  days.  The  direction  from  7  p.m.  on  the  17th  to  4  a.m.  on  the  19th  never 
varied  more  than  1  point  from  North. 

Aberdeen. —The  direction  of  wind  was  steady  at  South-east  till  1  p.m.  on  the 
17th,  when  it  suddenly  shifted  to  West,  and  during  the  remainder  of  the  day  was 
unsteady  between  South-west  and  North-west.  The  maximum  force  was  from 
North-west  by  north  at  1  a.m.  on  the  18th,  and  it  was  afterwards  very  steady 
at  North  for  more  than  2  days. 

Glasgow. — ^The  direction  was  fairly  steady  at  East  till  7  a.m.  on  the  17th, 
shifted  to  South  at  9  a.m.,  West-south-west  at  10  a.m.,  and  afterwards  through 
West  to  North,  where  it  remained  steady  for  nearly  3  davs. 

Alnwick  Castle. — ^The  direction  was  South-west  till  id  a.m.  on  the  17th,  after 
which  it  shifted  gradually  through  South  and  West  to  North.  The  maximum 
force  was  from  South-west  by  south  at  1  p.m.  on  the  17th. 

North  Shields. — ^The  wind  shifted  gradually  from  South-east  through  South 
and  West  to  North,  from  which  latter  point  the  maximum  velocity  was  reached. 
The  direction  was  steady  at  North  for  about  2  days. 

Fleetwood. — ^The  wind  was  fairly  steady  at  Soutli-east  throughout  the  16th,  and 
on  the  17th  until  5  a.m.,  after  which  it  shifted  through  South  and  West  to  North. 
The  maximum  velocity  was  from  North  at  10  a.m.  on  the  18th,  and  the  direction 
remained  steady  at  North  throughout  the  18th  and  10th. 

ZaverpooL — ^The  direction  was  South-east  throughout  the  16th,  and  was  un- 
steady between  South-east,  South,  and  West-north-west  on  the  17th.  It  shifted 
to  North-north-west  at  1  a.m.  on  the  18th,  and  remained  within  a  point  or  two 
of  North  during  the  next  2  or  8  days.  The  highest  velocity  of  wind  was  from 
North-west 

Holyhead, — ^The  wind  was  at  first  South-easterly,  and  shifted  through  South 
and  West  to  North.  The  direction  was  steady  at  North  throughout  the  18th, 
19tb,  and  part  of  the  20th.  The  maximum  velocity  of  89  miles  was  from  North 
by  west  at  11  a.m.  on  the  18th. 

Yarmouth. — ^The  direction  of  the  wind  was  Easterly  and  South-easterly 
thronghout  the  16th,  and  shifted  gradually  through  South  to  West  by  the  evening 
of  the  17th,  and  remained  between  West  and  South-west  until  6  p.m.  on  the  18th, 
after  which  it  shifted  suddenly  to  North,  near  which  point  it  continued  for  some 
time.  The  Maximum  velocity  was  64  miles  an  hour  from  North-east  by  north 
at  5  a.m.  on  the  20th. 

Kew. — ^The  direction  was  chiefly  East  and  South-east  during  the  16th,  and  was 
nnsteadv  between  South  and  West  on  the  17th.  It  shifted  to  North -north-west 
at  mid-day  on  the  18th,  and  remained  between  North-north-west  and  North-north- 
east to  the  close  of  the  20th.  The  maximum  force  was  from  North-north-west  at 
7  p.m.  on  the  18th. 

Falmouth. — ^The  direction  was  between  South-east  and  South-west  on  the  16th, 
and  between  South-west  and  North-west  on  the  17th.  It  shifted  to  North  about 
mid-day  on  the  18th,  where  it  remained  during  the  next  2  or  3  days,  the  direction 
during  this  time  only  varying  a  point  or  two  on  each  side  of  North.  The  maxi- 
mum velocity  was  from  North-north-west  at  10  a.m.  on  the  18th. 

SciUy^—lHie  wind  shifted  from  South-east  through  South  and  West  to  North, 
where  it  remained  fairly  steady  for  2  or  3  days.  The  maximum  velocity  occurred 
at  2  a.m.  and  6  a.m.,  18th,  the  respective  directions  being  North-west  and  North- 
west by  north. 

Ihrongh  the  courtesy  of  the  Board  of  Trade,  I  havQ  b^en  allow^  access  to  the 
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official  retoms  whioh  giye  the  casualties  to  yessels  inYolving  either  loss  of  life 
^flaying  of  life  by  some  extraneous  means.  The  data  are  accurate  and  com- 
plete, and  deal  merely  with  the  storm  from  November  16th  to  20th.  The  total 
loss  of  life  reported  to  the  Board  of  Trade  within  the  limits  of  the  Wreck 
Charts  and  of  four  weeks  after  the  date  of  the  storm,  on  December  15th,  was 
885  lives  from  all  vessels  Foreign  and  English.  The  returns  are  made  for  our 
coasts  and  for  a  very  limited  area  of  the  sea  adjacent  to  our  coasts,  the  limi- 
tation being  that  common  to  the  ordinary  Wreck  Charts  published  aonuaJly 
by  the  Board  of  Trade. 

The  several  casualties  have  been  grouped  for  the  respective  days  of  the 
storm  with  the  following  result : — 


Not.  16 

Lives  Lost 

10« 

Lives  Saved 

22 

.,    17 

>i 

47 

» 

65 

„   18 

» 

174 

>» 

880 

„   19 

» 

51 

» 

94 

»    20 

»f 

89 

» 

89 

Total  ^,  821  „  600 

Vessels  abandoned,  foundered,  stranded,  &c.,  in  every  case  involving  either 
loss  of  life  or  saving  of  life  by  some  means  other  than  the  vessel  experiencing 
casualty :— . 

Nov.    16       Number  of  Yessels  Lost        7' 
I,     17  „  „  22 

18  „  „  71 


99         20  „ 


15 


Total  „  „  UO 

The  Board  of  Trade  returns,  from  which  the  above  facts  are  obtained,  do 
not  deal  with  loss  of  life,  &c.,  in  vessels  on  the  open  ocean. 

In  addition  to  the  above,  there  were  on  December  16th — ^four  weeks  after  the 
storm — ^21  vessels,  many  of  which  are  large  steamers,  posted  on  the  **  Over- 
due "  List  in  the  Liverpool  Journal  of  Commerce — ^most  of  these  being  pro- 
bably involved  in  the  storm. 

Both  the  time  and  position  of  the  casualty  are  given  in  the  Board  of  Trade 
returns,  and  I  made  an  attempt  at  producing  a  Wreck  Chart  for  this  par- 
ticular storm,  but  in  many  cases  the  casualties  are  too  close  and  too  numer- 
ous to  be  pictured  on  anything  like  a  reasonable  sized  chart,  consequently 
the  losses  cannot  be  shown  graphically,  and  I  have  cimsidered  the  lists  to  be 
rather  too  much  in  detail  for  the  scope  and  limits  of  this  paper. 
There  is,  however^  one  special  feature.  The  losses  were,  for^ 
Nov.  16  principally  on  our  west  coasts* 

9i    17  »  >»       north     „ 

tf   18  spread  over  all  i, 

„    19  and  20         chiefly    „  east       ,» 

i  nbese  seatcely  belong  to  16th. 
^  Siressels  searoely  belong  to  16lh. 
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The  National  Lifeboat  Institution  state  ''  that  daring  the  recent  great 
gale,  lasting  from  November  17th  to  21st  inclusive,  our  lifeboats  were 
launched  on  service  82  times,  and  saved  208  lives  and  6  vessels.  The  crews 
of  22  other  life-boats  were  also  assembled  in  readiness  for  launching,  but 
tiieir  services  were  not  required." 

The  Secretary  of  Lloyd's,  Col.  Hozier,  in  forwarding  a  list  of  casualties, 
says  :  "  On  November  20th  we  had,  I  believe,  what  was  our  heaviest  Loss 
Book ;  in  that  day  144  casualties  were  posted  on  it." 

For  the  following  statement,  which  shows  the  vast  destruction  of  timber  in 
the  northern  portion  of  the  Kingdom,  I  am  indebted,  through  the  kind 
courtesy  of  His  Grace  the  Duke  of  Sutherland,  to  Mr.  Henry  Wright,  of  the 
Sutherland  Estates  Office. 

Tongue  District  of  Sutherland.  North-west. — ^The  stonn  began  about  3  p.m 
on  the  17th,  a  point  or  two  West  of  North  ;  it  soon  got  into  trae  North  and 
remained  there  for  most  of  the  night ;  later  it  got  round  a  few  points  to  the 
Eastward.  About  1800  trees  were  blown  down,  namely,  819  fir,  417  larch,  147 
spruce,  115  birch,  106  beech,  the  remainder  ash,  oak,  elm,  and  various.  There 
is  much  damage  to  roofs  of  houses,  &c. 

Dunrohin  District  of  Sutherland.  East  side. — ^Never  within  living  memorv  had 
SDch  a  storm  been  experienced  on  the  east  coast  of  the  county.  The  wina  was 
accompanied  by  heavy  rain.  It  was  worst  from  8  o^clock  till  midnight  In  the 
morning  (18th)  with  snow  and  frost.  The  estimated  number  of  trees  blown  down 
is  52,000,  or  say,  at  most,  55,000. 

By  the  aid  of  the  Pilot  Ohart  of  the  North  Atlantic  Ocean  for  December, 
published  by  the  Hydrographio  Office  of  the  United  States  Navy  Department, 
coupled  with  information  obtained  from  an  examination  of  the  logs  of  vessels 
which  experienced  the  storm,  the  storm  can  be  tracked  completely  across  the 
Atlantic. 


Fia. 


The  Pilot  Ohart  says  :— 


^  On  November  7th  a  depression  originated  east  of  the  Florida  coast  near  the 
Bahamas.  At  the  same  time  an  area  of  high  pressure  prevailed  over  the  New 
England  and  middle  Atlantic  States.    Bv  noon,  G.  M.  T.,  of  the  8th,  the  de- 

Eression  had  moved  up  the  Gulf  Stream  almost  to  Cape  Hatteras.    The  area  of 
igh  pressure  in  the  meantime  moved  eastward  off  the  New  England  coast.    On 
the  9uk  the  storm  was  central  Jast  to  the  northward  and  close  to  Cape  Hatteras, 


Digitized  by 


Google 


S6         HABBINd — ^ttB  C^RBAT  8T0BM  OF  NOYEMBEB  16tH  TO  2<!h!H,  1896. 

Vessels  along  the  coast  on  the  8th  and  9th  reported  the  wind  of  force  10-11. 
From  Hatteras  the  storm  moved  to  the  northward  of  east  and  crossed  the  Atlantic, 
as  shown  graphically  on  the  chart.  From  reports  received,  this  storm  maintained 
its  energy  daring  the  entire  passage/* 

I  am  indebted  to  the  kindness  of  the  Canard  Steamship  Company  for  the  log 
of  the  Bs.  Lucania,  bound  from  New  Tork  to  Liverpool.  This  vessel  left  New 
York  on  November  11th,  and  from  the  very  time  of  starting  she  was  under  the 
influence  of  this  storm  system,  and  throughout  her  passage  she  experienced 
North-easterly  and  Northerly  winds,  being  on  the  northern  side  of  the  storm 
system  until  her  arrival  off  the  English  coasts. 

On  the  12th,  the  wind  increased  to  a  strong  gale  with  a  rapidly  falling  baro- 
meter—ship at  noon  in  lat.  41*28'  N.,  long.  62°40'  W. 

On  the  13th  a  strong  North-easterly  gue  was  blowing  all  day  with  a  high 
sea.  barometer  falling  slightly— ship  at  noon  in  lat.  43°48'  N.,  long.  54''57'  W. 

On  the  14th  the  vessel  had  gained  considerablv  on  the  storm  system,  and  daring 
the  afternoon  she  was  at  her  nearest  position  to  the  central  area  of  the  disturbance, 
the  barometer  being  as  low  as  29  ins.  A  fresh  North-easterly  gale  was  experi- 
enced daring  the  greater  part  of  the  day,  the  vessel  at  noon  being  in  lat.  46*6'  N. 
and  long.  46^0*  W. 

On  the  16th  the  vessel  at  noon  was  in  lat.  49*11'  N.,  long.  38*5'  W.,  and  she 
again  experienced  a  North-easterly  gale  throughoat  the  day  with  a  uniformly  low 
barometer. 

On  the  16th  the  storm  was  somewhat  oatstripping  the  LtM^ama,  travelling  more 
quickly  to  the  eastward,  and  the  vessel  experienced  a  steadily  rising  barometer, 
although  a  fresh  to  strong  North-north-easterly  gale  was  blowing  throughout  the 
day.    The  vessel's  position  at  noon  was  lat.  60*34'  N.,  long.  2TV  W. 

On  the  17th  the  vessel  was  again  gaining  on  the  storm,  and  in  consequence  she 
experienced  a  falling  barometer.  The  wind  was  between  North-north-east  and 
North-north-west,  with  its  force  ranging  between  a  moderate  and  a  hard  gale. 
Ship  at  noon  ui  lat.  61*23'  N.,  long.  16*30*  W. 

On  the  18th  the  vessel  experienced  a  hurricane  with  terrific  squalls — direction 
steady  at  North  throughout  the  day.  The  barometer  was  rising  as  the  disturbance 
was  a^ain  moving  Eastwards,  and  the  high  barometer  in  the  rear  was  decidedlv 
asserting  itself,  vessel  at  noon  in  lat.  52*12^  N.,  long.  6*2^  W.,  and  before  mid- 
night the  ship  was  off  the  Great  Orme*s  Head. 

Owing  to  the  violence  of  the  gale  the  vessel  was  26  hours  doing  the  passage 
from  Roche's  Point  to  the  Mersey,  while  on  the  outward  passage  she  had  covered 
that  distance  under  12  hours. 

The  storm  was  accompanied  by  heavy  falls  of  snow,  sleet,  and  rain  in 
many  parts  of  the  British  Islands,  and  the  gale  was  exceptionally  violent  on 
the  French  coasts,  but  the  object  of  the  paper  is  primarily  to  deal  with  its 
effect  and  influence  over  the  British  Islands,  and  my  endeavour  has  been,  as 
far  as  possible,  to  bring  the  scope  of  the  paper  within  a  limited  compass. 

In  conclusion^  I  have  to  thank  the  Meteorological  Council  for  having  so 
kindly  placed  the  whole  of  the  material  in  the  Meteorological  Office  at  my 
disposal  for  the  preparation  of  this  paper,  and  I  would  acknowledge  the  great 
assistance  given  to  me  by  many  Fellows  of  the  Society  and  others  who  have 
so  reftdilj^  oommunicated  their  observations* 
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DISCUSSION. 

The  President  (Dr.  C.  Theodore  Williams)  said  that  Mr.  Harding's  conk* 
manication  was  full  of  interesting  information.  Concerning  the  reference  which 
had  been  made  to  the  destruction  of  trees  on  the  Duke  of  Sutherland's  property, 
he  (Dr.  Williams)  had  heard  that  on  another  Scottish  estate,  that  belonging  to 
Lord  Strathmore,  it  was  estimated  that  100,000  trees,  chiefly  firs,  were  blown 
down.  A  peculiar  feature  in  the  destruction  wrought  was  that  the  fallen  trees 
were  distributed  in  circular  groups. 

Mr.  F.  J.  Brodib  said  that  an  interesting  feature  in  the  history  of  the  storm 
was  the  complete  reversal  that  took  place  during  its  progress  in  the  distribution 
of  pressure  over  Western  Europe.  At  the  time  the  depression  first  advanced 
from  the  Atlantic  the  barometric  readings  were  highest  over  Sweden  and  Den- 
mark, but  on  November  17th,  when  the  centre  moved  north-eastwards  across 
Ireland  and  Scotland,  the  high  pressure  system  receded  eastwards  to  Russia.  It 
was  now  evident  that  in  the  rear  of  the  disturbance  a  large  anticyclone  was 
advancing  over  the  Atlantic,  and  on  the  night  of  the  17th,  when  this  system 
reached  our  western  coasts,  the  storm  centre  changed  its  course  and  moved  in  a 
south-south-easterly  direction  over  the  North  Sea.  The  alteration  in  the  course 
of  the  storm,  though  quite  unexpected  at  the  time,  was  fully  explained  in  the 
light  of  subsequent  events,  and  both  in  the  earlier  and  later  stages  of  its  progress 
the  depression  obeyed  the  well-known  law  in  accordance  with  which  such  systems 
ordinarily  move  along  to  the  left  of  the  high  pressure  area  existing  at  the  time. 
Another  feature  in  connection  with  the  movements  of  this  depression  was  that 
during  its  progress  down  the  eastern  coast  of  Great  Britain  the  barometer  not 
only  rose  in  its  rear  but  also  in  its  centre,  the  minimum  readings  being  half-an- 
inch  higher  on  the  morning  of  the  18th  than  they  were  on  the  previous  morning. 
The  remarkable  way  in  which  the  wind  rose  at  Deerness  was  noteworthy,  the 
increase  being  from  14  miles  in  one  hour  to  46  in  the  next,  and  then  to  81  miles 
in  the  third  hour.  On  August  20th,  1889,  a  similar  but  rather  greater  increase  of 
wind  force  was  recorded  at  Fleetwood,  the  velocity  increasing  from  7  miles  to 
58  miles  in  consecutive  hours. 

Mr.  n.  N.  Dickson  said  that  he  first  experienced  this  storm  when  about  100 
miles  north-east  of  the  Shetland  Isles,  on  board  H.M.S.  Jackal^  and  in  conse- 
quence of  the  rouffh  weather  it  became  necessary  to  make  for  Lerwick  Harbour 
which  was  reached  at  7  a.m.  on  the  17th.  The  wind  blew  strongly  from  South- 
south-west  all  day,  but  at  7  p.m.  it  fell  to  almost  a  calm.  At  7.15  a  Northerly  gale 
burst  over  the  harbour  with  the  suddenness  of  an  explosion,  and  by  8  p.m.  it  waa 
blowing  with  hurricane  force.  The  charts  showed  tne  position  of  the  centre  of 
the  disturbance  on  the  evening  of  the  17th  to  have  been  north-east  of  Aberdeen, 
bat  considering  the  suddenness  with  which  the  Northerly  wind  burst  at  Lerwick 
it  seemed  probable  that  the  centre  was  further  north  than  Aberdeen,  and 
nearer  Lerwick  than  the  PUot  Chart  indicated.  This  storm  afibrded  a  good 
opportunity  for  study,  as  the  abruptness  with  which  the  Northerly  gale  burst 
indicated  that  the  centre  must  have  been  very  well  defined.  He  thought  that  a  con- 
sideration of  the  extent  and  form  of  sea  disturbance  around  depressions  would  be 
of  interest,  especially  in  connection  with  the  storm  discussed  in  Mr.  Harding's 
paper,  as  he  (Mr.  Dickson)  should  have  expected  a  cyclone  of  such  intensity  to  have 
rai«ed  more  sea  before  it.  In  the  case  of  what  Mr.  Harding  called  the  <*  pilot  *' 
disturbance  on  the  14th,  the  sea  in  the  neighbourhood  of  the  Shetlands  was  very 
considerable,  but  by  the  morning  of  the  15th  it  was  quite  calm. 

Mr.  G.  J.  Symons  considered  that  in  the  interest  of  meteorological  science  it 
was  fortunate  that  so  skilled  an  observer  as  Mr.  Dickson  happened  to  be  within 
the  influence  of  the  storm  when  it  was  in  the  neighbourhood  of  the  Shetlands,  as 
observations  from  such  a  source  and  locality  were  very  valuable.  As  corrobo* 
rating  the  wind  records  at  Deerness^  he  had  been  told  that  at  some  place  in  the 
Orkneys  the  wind  had  torn  the  stack  pipe  from  the  wall  of  a  house  and  blown 
it  through  the  back  door.  He  should  much  like  to  have  had  the  opinion  of  Mr. 
W.  H.  Dines  concerning  the  high  velocities  registered  during  this  storm.  Mr. 
Dines's  father  (the  late  Mr.  G.  i)ineB)  always  refused  to  believe  in  the  accuracy 
of  these  records  of  great  velocities,  as  from  his  knowledge  of  buildings  he  was 
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confident  that  no  structure  could  withstand  such  pressures  as  some  anemometers 
indicated. 

Mr.  W.  Ellis  said  that  meteorologists  and  sailors  were  well  aware  that  in 
stormy  or  squally  weather  the  wind  will  not  un frequently  change  in  direction 
from  South-west  or  South-south-west  to  North-west,  olowins  then  with  increased 
force  and  accompanied  usually  by  rain.  There  will  generally  be  some  degree  of 
pressure  before  the  change  of  direction  with  increased  pressure  at  the  time  of 
change.  On  November  17th  there  occurred  a  very  marked  case  of  the  kind. 
Previously  to  5.48  p.m.  the  wind  was  South-south-west  with  no  very  sensible 
pressure,  out  at  the  time  mentioned  the  direction  suddenly  changed  to  West- 
north-west,  with  an  instantaneous  increase  of  pressure  to  8  or  9  lbs.  on  the  square 
foot,  accompanied  by  rain,  the  remarkable  thing  being  the  extreme  suddenness 
with  which  the  pressure  sprung  up  from  an  insignificant  amomit  to  that  men- 
tioned. It  was  a  very  noteworthy  case  of  the  type  of  weather  in  question.  The 
barometer  had  been  falling,  but  at  the  instant  of  this  change  of  wind  it  turned  to 
rise,  and  continued  generally  to  rise  during  the  remainder  of  the  gale  :  the 
change  was,  as  usual,  accompanied  by  sharp  fall  of  temperature.  [The  yarious 
registers  were  exhibited  to  tne  meeting.]  He  took  the  opportunity  to  mention 
that  during  the  last  summer,  by  an  additional  gearing  applied  to  the  Osier  ane- 
mometer at  Greenwich,  a  more  rapid  motion  could  at  pleasure  be  given  to  the 
sheet,  causing  it  to  travel  with  twelve  times  the  ordinary  velocity,  for  use  on  the 
occasion  of  storms.  By  this  spreading  out  of  the  register,  the  variations,  both 
of  direction  and  pressure  of  the  wind,  become  apparent  in  a  way  that  is  not 
possible  with  the  contracted  register.  [A  record  obtained  with  the  extended 
scale  was  shown.]  And  it  is  further  evident  that  a  yet  more  extended  register 
was  desirable. 

Mr.  R.  H.  Scott  said  that  it  was  exceedingly  interesting  to  notice  how  com- 
pletely Mr.  Dickson*s  account  of  the  sudden  bursting  of  the  Northerly  gale  at 
Lerwick  corroborated  the  remark  made  by  Mr.  Spence,  the  observer  at  Deer- 
ness,  who  had  stated  that  it  was  "  like  the  shot  of  a  gun."  With  reference  to 
the  question  of  the  possible  use  of  sea  disturbance  on  our  coasts  as  giving  warn- 
ing of  the  advance  of  depressions,  in  1869  a  station  was  established  at  St.  Anne*s 
Head,  Milford  Haven.  It  had  previously  been  maintained  by  residents  in  Pem- 
brokeshire that  observations  of  sea  disturbance  there  gave  unerring  jndication  of 
the  approach  of  storms,  but  during  the  24  years  that  the  station  has  exbted  the 
observations  of  sea  disturbance  had  never  afforded  warning  of  any  storm  there 
which  was  not  fully  indicated  by  other  observations. 

Dr.  K.  Barnes  observed  that  storms  of  the  character  described  in  Mr.  Harding^s 
paper  served  to  equalise  the  character  and  temperature  of  the  air  over  wide 
areas  of  country.  During  the  gale  on  December  12th,  he  had  caught  some  of  the 
rain  in  clean  glasses  at  his  residence  at  Lyss,  in  Hampshire,  about  15  miles 
distant  from  the  sea  ;  and  had  found  that  the  water  collected  contained  a  good 
proportion  of  sea  salt.  This  ingredient,  easily  detected,  was  an  indication  of 
other  properties  carried  in  the  wind  from  the  sea.  It  was  desirable  to  extend 
observations  of  this  kind,  illustrating  the  properties  of  the  air,  to  more  inland 
districts. 

Mr.  G.  J.  Symons  observed  that  the  most  remarkable  case  of  the  deposit  of 
salt  bjr  ft  strong  wind  at  places  inland  occurred  at  Leeds,  some  years  ago,  most  of 
the  windows  facing  south-west  having  a  saline  incrustation  upon  them. 

Mr.  H.  Harries  directed  attention  to  the  fact  that  this  severe  gale  occurred 
within  a  few  days  of  the  anniversary  of  the  great  storm  of  1703,  a  large  amount 
of  information  about  which  he  had  m  his  possession — information  which  was  not 
used  by  De  Foe  in  describing  that  memorable  hurricane.  From  a  study  of  the 
data  there  is  some  ground  for  supposing  that  De  Foe*s  storm  occupied  four  days 
in  crossing  the  Atlantic,  while  the  one  now  discussed  by  Mr.  Harding  took  seven 
days.  Out  on  the  ocean  last  month's  storm  area  must  have  been  a  very  extensiye 
one,  for  the  log  of  the  LucarUa  shows  the  ship  to  be  experiencing  the  North- 
easterly gale  on  the  13th  and  14th,  when  the  centre  was  distant  about  900  miles. 
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ON    CHANGES    IN   THE   CHARACTER   OF   CERTAIN    MONTHS. 
By  albert  E.  WATSON,  B.A.,  F.R.Met.Soc.,  F.R.A.S. 


[Beoei?ed  September  13ih— Bead  December  20th,  1893.  j 

It  has  been  said  that  <'  a  10  years'  average  would  probably  be  within  5 
per  cent,  of  the  true  mean  of  a  long  series  of  years/ *^  Consequently,  we  are 
led  to  expect  that,  however  much  the  rainfall  and  mean  temperature  of  any 
individual  month  may  differ  from  year  to  year,  the  variations  in  one  direc- 
tion will,  in  a  few  years  at  the  most,  be  met  by  variations  in  the  other  direc- 
tion ;  the  result  being  that  in  a  short  series  of  years,  here  given  as  10,  these 
variations  will  almost  cancel  one  another,  and  the  mean  will  remain  practi- 
cally unaltered. 

Now,  if  this  rule  could  be  depended  on,  it  is  evident  that,  by  considering 
the  character  of  any  particular  month  in  past  years,  we  should  have  some 
ground  for  forming  a  judgment  as  to  the  probable  character  of  that  month 
in  fnture  years ;  e.g,  if  we  found  that  it  had  been  abnormally  wet  or  cold 
for  several  years  in  succession,  we  should  know  that,  within  a  vary  short 
time,  it  must  necessarily  become  abnormally  dry  or  hot,  in  order  to  restore 
the  balance,  or  else  that  the  average  would  be  maintained  by  .a  longer  series 
of  months  of  an  opposite  but  less  extreme  character. 

But  though,  in  most  cases,  this  is  what  actually  does  happen,  in  some  the 
average  is  not  by  any  means  maintained,  so  that  after  a  time  the  nature  of 
a  month  becomes  completely  changed,  from  wet  to  dry,  or  from  warm  to  cold, 
without,  apparently,  any  prospect  of  a  return  to  its  former  condition. 

To  illustrate  my  meaning,  let  us  take  instances  from  records  kept  at 
Croydon,  Surrey,  as  to  the  reliability  of  which  there  can  be  no  manner  of 
doubt. 

First,  changes  in  Ramfall. 

Taking  the  records  for  January  in  periods  of  5  years  from  1866  to  1890, 
we  find  the  following  values : — 


Ins. 

Ins. 

lu. 

Ins. 

Ina. 

1866 

8-68 

1871 

2-87 

1876 

1-04 

1881 

Ill 

1686 

8-19 

1867 

812 

1872 

5-64 

1877 

6-67 

1882 

1-20 

1687 

1-68 

1868 

4-81 

1878 

408 

1878 

1-14 

1888 

1-91 

1868 

•62 

1869 

2-91 

1874 

116 

1879 

2-61 

1884 

2-49 

1889 

116 

1870 

1-48 

1876 

8-49 

1880 

•40 

1886 

1-94 

1890 

266 

Average    809  8-48  2-16  1-78  1*87 

Hence  the  rainfall  for  this  month,  so  far  from  maintaining  its  average,  has 
gradually  frJlen  off  during  these  25  years  from  a  mean  of  8*09  ins.  for  the 

>  Uti  8ymon8,  at  a  meeting  d  the  Institation  of  SorveyorsrOn  Febnuiy  12th9 1877* 
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first  Instmzn  to  a  mean  of  1*87  in.  for  the  last ;  or,  more  striking  still,  from 
a  mean  of  8*26  ins.  for  the  first  decade  to  a  mean  of  1*80  in.  for  the  last. 
January  has  in  faot  lost  nearly  50  per  eent.  of  its  rainfoJl,  and  instead  of 
being,  as  it  was  from  1866  to  1875,  by  fax  the  wettest  month  of  the  year,  it 
has  been,  from  1881  to  1890,  almost,  if  not  qaite,  the  driest. 

December  is  another  case  in  point. 

Here  the  rainfall  records,  arranged  in  the  same  way,  are  the  following : — 


Ins. 

Ina. 

liu. 

Ins. 

Ins. 

1866 

1-85 

1871 

1-66 

1876 

7-48 

1881 

2-77 

1886 

4^29 

1867 

1-61 

1872 

4-89 

1877 

1-81 

1882 

1-96 

1887 

1-89 

1868 

4-60 

1878 

•88 

1878 

1-46 

1888 

•67 

1888 

146 

1869 

8-88 

1874 

1-80 

1879 

•92 

1884 

221 

1889 

1-84 

1870 

80S 

1876 

1-22 

1880 

801 

1886 

118 

1890 

•78 

Average 

2-87 

1-88 

298 

1-78 

1^86 

Here  the  average  for  the  whole  series  is  exactly  2-25  ins.,  but  the  average 
for  the  last  2  lastra  is  only  1*79  in.,  a  decrease  of  20  per  cent,  on  the  whole* 

For  November  the  result  is  qnite  the  reverse,  the  records  being  the 
following :— 


IDB. 

iBB. 

Ins. 

Ins. 

Ins. 

1866 

1-48 

1871 

•66 

1876 

2-67 

1881 

864 

1886 

822 

1867 

•62 

1672 

8^60 

1877 

6-06 

1882 

218 

1887 

4-68 

1868 

116 

1878 

2^64 

1878 

8-77 

1888 

8-66 

1888 

8  91 

1869 

268 

1874 

269 

1879 

1-20 

1884 

1-46 

1889 

•88 

1870 

1-89 

1876 

816 

1880 

2-80 

1886 

2-71 

1890 

208 

Average    1*58  2*47  8*00  2*70  2*94 

In  this  case  the  mean  for  the  25  years  is  just  over  2*5  ins. ;  the  mean  for  the 
first  10  is  2*00  ins.,  the  mean  for  the  last  15,  2*88  ins.  Hence  the  mean 
rainM  for  this  month  during  the  15  years  1876  to  1890  was  not  only  14 
per  cent,  greater  than  the  mean  for  the  whole  period,  1866  to  1890,  but 
actuaUy  42  per  cent,  greater  than  the  mean  for  the  ten  years  1866  to  1875. 

So  idso  in  May,  the  mean  for  the  first  2  lustra,  1866  to  1 875,  was  1*58  in., 
but  the  mean  for  the  last  8  lustra,  1876  to  1890,  was  1*96  in.  indicating  an 
increase  of  28  per  cent,  on  the  mean  of  the  first  10  years. 

Before  leaving  this  subject,  it  may  be  interesting  to  notice  how  remarkably 
deficient  in  raii^iAll  recent  Septembers  have  been.  For  this  month,  the  aver- 
ages for  the  4  lustra  from  1866  to  1885  were  practically  the  same,  viz. 
2*79  ins.,  2*86  ins.,  2*70  ins.,  and  2*82  ins.  respectively,  or  2*79  ins.  for  the 
whole  20  years,  of  which  not  one  had  a  rainfJEtll  of  less  than  1  inch.  Now 
since  1885  the  fall  has  been  as  follows :— 1886, 1*78  in. ;  1887,  2*40  ins. ; 
1888,  "85  in. ;  1889,  '98  in. ;  1890,  -61  in. ;  1891,  -68  in. ;  1892,  2*04  ins. 
These  figures  give  a  mean  of  1*88  in.  both  for  the  fifth  lustrum  and  also  for  the 
7  yearsi  of  vrbich  4  in  succession  had  a  rainM,  hitherto  unrecorded  in  thia 
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month  at  Croydon,  of  less  than  an  inoh,  while  the  decrease  from  the  above 
average  is  58  per  cent. 

The  rain&n  returns  from  1867  to  1876  are  taken  from  Mr.  G.  Corden's 
book,  Th$  Meteorology  of  Croydon;  those  from  1877  to  1888  were  kindly 
snpplied  by  Mr*  Baldwin  Latham,  of  Addiscombe,  and  the  rest,  excepting  for 
1866,  are  from  my  own  records  at  *'  The  Whitgift  Grammar  School,'*  Croy- 
don. And  the  points  at  which  they  were  taken  vary  very  slightly  in  height 
above  sea-level,  and  are  abont  a  mile  apart  from  one  another.  For  the]  year 
1866  the  rain&ll  is  that  measured  at  the  Greenwich  Observatory. 

Secondly,  changes  in  Temperature.  Taking  the  Croydon  records  of  the 
mean  temperature  of  December  from  1876  to  1890  we  get  the  following 
valaes : — 


1876 

0 

44-2 

1881 

89-4 

1686 

86-2 

1877 

89 

1882 

89*2 

1887 

87-6 

1878 

88-4 

1888 

89-6 

1888 

411 

1879 

82 

1884 

40-6 

1889 

87-7 

1880 

48-2 

1886 

88-4 

1890 

28-9 

Average  88*4  89*4  86*8 

The  average  for  the  15  years  is  88^-0 

Now  the  mean  temperature  of  December  at  Greenwich  for  the  60  years^ 
1814  to  1878,  is  given  as  89^*9  ;^  consequently,  if  we  may  be  allowed  to 
compare  the  mean  temperatures  at  Croydon  with  that, — and,  considering  the 
nearness  of  the  two  places,  this  seems  very  reasonable, — the  result  i^hows  a 
decrease  in  mean  temperature  of  1^*9. 

But  the  mean  temperatures  of  January  at  Croydon  for  the  same  series  of 
years  are  the  following : — 


1876 

87-8 

1881 

81-2 

1886 

86-8 

1877 

42 

1882 

R9-9 

1887 

861 

1878 

40-8 

1888 

406 

1888 

87-7 

1879 

82 

1884 

48-2 

1889 

871 

1880 

88-4 

1886 

86-9 

1890 

48-7 

Average  877  882  878 

The  average  for  the  15  years  is  87^*7. 

For  Greenwich  the  mean  temperature  of  January  for  the  above  named  60 
years  is  given  as  87^*1,  so  that,  instituting  the  same  comparison  as  before,  a 
rise  is  here  shown  of  0°'6.  But  the  remarkable  part  is,  that  without  com- 
paring Croydon  temperatures  with  Greenwich  at  all,  the  average  mean 
temperatures  of  December  and  January  for  the  15  years  1876  to  1890  are 
almost  the  same.     That  is,  December  has  now  become  as  cold  as  January, 

>  Qlaisber,  On  ihs  Mean  Temperature  of  Eviry  Day,  1814  to  1873. 
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whereas,  according  to  the  Greenwich  records,  there  nsed  to  he  a  difference  of 
practically  8°  I 

Octoher  is  another  month  that  appears  to  have  hecome  much  colder  of 
recent  years.  The  mean  temperature  of  this  month  is  given  in  the  Green- 
wich records  as  50^*1,  hut  the  mean  for  the  three  lustra  1876  to  1690  at 
Croydon  is  only  49^*2,  indicating  a  mean  annual  decrease  of  almost  a  degree. 
Indeed,  a  mean  temperature  of  6(f  was  reached  hy  Octoher  only  6  times  in 
these  15  years.  Octoher  1892  was  also  very  cold,  with  a  mean  temperature 
of  only  46^-1. 

These  &cts  seem  to  show  that  a  10  years'  average  is  not  hy  any  means 
always  maintained}  hut  that  on  the  contrary  the  character  of  particular 
months  may  change,  as  time  goes  on,  to  a  very  marked  extent.  For  as  we 
have  shown,  Decemher  has  lost  20  per  cent,  and  November  gained  14  per 
cent,  on  the  average  rainfall  of  25  years,  while  October  is  nearly  a  degree 
colder  than  it  used  to  be,  and  January,  which  was  the  wettest  and  coldest 
month  in  the  year,  has  now  become  almost  the  driest,  and  no  colder  than 
December,  which  month  has  lost  nearly  2°  in  mean  temperature.  Are  these 
changes  local,  or  have  all  the  stations  in  the  British  Isles  been  similarly 
affected? 


DISCUSSION. 

Mr.  G.  J.  Sthons  said  that  the  qaotation  given  at  the  commencement  of  the 
paper  did  not  quite  correctly  represent  the  statement  he  made  in  an  address  to  the 
institution  of  Surveyors  in  1877,  which  referred  to  the  annual  rainfall  values  and 
not  to  the  values  for  individual  months,^  Monthly  averages  of  various  sets  of 
years  differed  tremendously,  but  he  had  said  nothing  about  them. 

Mr.  C.  Harding  said  that  there  were  many  facts  of  interest  in  Mr.  Watson's 
paper,  but  too  much  importance  had  been  given  to  observations  which  extended 
over  a  very  short  period.  It  was  hardly  wise  to  use  sometimes  Greenwich  ob- 
servations, sometimes  Mr.  Latham's  observations,  and  sometimes  observations 
made  by  the  author  himself.  It  would  have  been  more  satisfactory  if  Greenwich 
records  alone  had  been  used  throughout,  and  these  were  available  for  a  long 
series  of  years. 

Mr.  Baldwin  Latham  remarked  that  the  earlier  observations  at  Croydon 
were  not  very  reliable,  the  method  of  exposure  of  the  instruments  having  been 
unsatisfactory.  Possibly  some  of  the  differences  shown  in  the  paper  might  be 
due  to  that  cause. 

Mr.  H.  SouTUALL  said  that  his  experience  in  connection  with  Herefordshire 
observations  had  taught  him  that  an  average  of  5  or  10  years  would  not  afford 
reliable  results  for  monthly  values,  and  even  for  yearly  amounts  there  were  often 
great  divergences  between  averages  deduced  from  a"  short  term  of  years.  For 
instance  the  mean  rainfall  of  one  period  of  12  years  at  Ross  was  27  ins.,  while 
the  succeeding  12  years  yielded  an  average  of  32  ins. 

Mr.  A.  E.  Watson,  in  reply,  said  that  Mr.  Symons'  statement,  as  quoted  in  his 
(Mr.  Watson's)  paper,  had  been  copied  from  a  book,  bnt  he  had  at  the  time 
wondered  whether  Mr.  Symons  was  referring  to  annual  values  merely.  He  had 
used  the  different  sets  of  rainfall  observations  for  Croydon,  because  he  thought 
as  the  stations  were  in  such  close  proximity  to  each  otner  that  the  results  would 
be  fairly  comparable.  The  temperature  observations  used  were  supplied  by  Mr. 
Baldwin  Latham,  of  Addiscombe. 

1  The  wordB  irere  **  the  rainfall  of  a  single  year  may  be  33  per  oent.  either  aboye  or  belov  the  tnio 
aTarago,  a  tvo  yean  average  may  be  16|  per  cent,  above  or  below,  and  so  on,  the  approximation 
deorefluiing  less  rapidly,  so  thai  at  the  end  ox  ten  years  the  average  will  probably  b«  within  6  per  oent.  of 
tlie  true  mean  of  a  lon^;  series  of  years," 
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RAINFALL  AND  EVAHORATION  OBSERVATIONS  AT  THE  BOMBAY 

WATER  WORKS. 

By  S.  TOMLINSON,  M.In8t.C.E.,  P.R.Met.Soo. 
(Abridged.) 


[Beeeived  May  29th.— Bead  December  20th,  1893.] 

Bombay  is  situated  in  about  18°58'45"  N.  lat.  and  72^48'56"  E.  long., 
these  figures  giving  the  exact  situation  of  Colaba  Observatory.  The  muni- 
eipal  limits  are  the  Island  of  Bombay,  as  it  is  now  called  ;  but  great  physi- 
eal  changes  have  in  recent  times  been  brought  about  by  engineering  wo|*ks. 
On  the  east  the  Island  is  separated  from  the  mainland  by  the  Harbour,  about 
6  miles  wide  :  on  the  north  it  is,  or  rather  was,  separated  from  the  larger 
Island  of  Salsette  by  a  narrow  creek,  but  four  embankments  now  carry  the 
two  railways  and  two  roads  leading  out  to  the  mainland.  In  the  Island  of 
Salsette  are  situated  the  works  which  up  to  March  1892  supplied  the  Island 
of  Bombay  with  water.  In  1892  the  Tansa  Works  were  opened :  these 
works  comprise  the  Tansa  Lake,  about  60  miles  distant  from  the  Town  fiall 
at  Bombay,  and  a  duct  bringing  in  water  from  Tansa  Lake  to  Bombay.  The 
Tansa  Lake  is  on  the  mainland  of  India,  and  is  situated  in  one  of  the  valleys 
leading  out  from  the  Western  Ghats  which  ran  on  the  mainland  north  and 
south  about  40  miles  eastwards  from  Bombay,  and  rise  opposite  to  Bombay  to 
over  8,000  feet  above  sea  level. 

The  climatology  of  Bombay  has  been  the  subject  of  a  large  and  complete 
work  by  Mr.  Charles  Chambers,  F.R.S.,  Director  of  the  Government  Obser- 
vatory, Colaba,  a  copy  of  which  work  is  in  the  Society's  Library. 

The  accompanying  wind  chart,  reproduced  by  kind  permission  from  Mr. 
Baldwin  Latham's  Sanitation  of  Bombay,  and  Table  I.,  show  the  prevailing 
winds  ;  and  as  the  changes  from  year  to  year  are  comparatively  small,  the 
representation  is  sufficiently  accurate  for  general  purposes.  The  full  line 
represents  the  frequency  of  the  wind,  and  the  dotted  line  the  proportional 
velocity. 

Roughly  speaking,  the  winds  are  from  the  sea  (South  to  North-west)  from 
March  to  October ;  and  from  the  land  from  November  to  February,  and 
they  bring  heavy  rain  in  the  months  of  June,  July,  August,  and  September, 
vith  the  probability  of  some  rain  in  May  and  October  ;  and  there  is  a  possi- 
bility of  showers  in  the  remaining  months. 

As  no  observations  on  Relative  Humidity  have  been  taken  at  the  water 
works.  Table  II.  is  inserted  with  the  kind  permission  and  assistance  of  Mr. 
Chambers. 

Table  m.  gives  the  rainfall  registered  at  Colaba  Observatory  from  1848 
to  1892. 
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TABLE  I.— DiBBCTiow,  ahb  Fbwjubwot  of  Wnrns  at  Colaba,  Bombay,  fob  thb 

FiFTBEM  YBAB8,  X873-1887. 


Direction. 

Average 
Frequency. 

Direction. 

Average 
Freqaenoy. 

N 

Days. 

257 
180 

23;5 

1-8 
8-9 

U 
6-3 

SSW 

SW 

WSW 

W    

WNW 

NW    

NNW 

Days. 
8-2 
140 
34-6 
505 
429 
522 
401 

NNB  

NB 

ENB 

B 

ESB   

BE 

SSE    

S 

Total.... 

365-2 

M.W. 

/> 

Vv        ^s 

n 

7^ 

\V 

\«u 

N.t 

,/ V 

4 

y 

l^f 

uu 

^ 

I 

V/tt      LM 

/\ 

^^.^^^^^^"^  ^^^^-^^ 

/ 

v^ 

«^''*'!^as=2:==^--^^i*^*^ 

i 

^^ 

TABLE  n. — AvBBAQB  Bblatite  Humidity,  185 5-1 864,  and  Tempbbature  of  tbb  Aib 

I873-1892,  AT  COLABA  ObBEBVATOBY. 


Month. 

Belatiye 
Humidity. 

Temperature. 

Month. 

Belative 
Humidity. 

Temperature. 

d 

3 

1 

1 

1 1 

1 

1 

1 

1 

8o'o 
79*9 
807 
786 

757 
79-3 

a 

86% 
88-9 
93-8 
93*4 
89-4 

96-5 

January 
Febroary 
March    .. 

June  .... 
July    .... 

7o 
44 

§ 
76 

72 
71 

74 
75 

i 

89 
88 
86 

91 
98 

TOO 

55-273-988-6 
56-9  748  948 
67-278795-4 
72*0  81*992-2 

74-1, 842  96-5 

August   .. 
September 
October  . . 
November 
December 

7o 
77 

62 
50 
43 

87 

86 
81 

72 
70 

7o 
98 

99 
94 

719 
731 

66-1 
632 

55» 

73  2. 02  9 
737I  80-7 

Il8-g 

Year  .. 

43 

77-8 

IOC 

The  Colaba  Observatory  is  siiaated  on  ihe  low  ridge  of  land  forming  the 
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old  Island  of  Colaba,  now  joined  to  the  Island  of  Bombay.  It  is  only  126 
feet  above  Town  Hall  Datum.  This  Datum  is  100  feet  below  a  certain  step 
on  the  Town  Hall,  and  this  step  may  be  taken  as  an  average  rough  memory 
level  for  the  central  part  of  the  Island  of  Bombay,  the  basalt  ridges  on  the 
east  and  west  sides  of  the  Island  culminating  at  about  260  feet  above  Town  Hall 
Datum  on  the  west  (Malabar  Hill  Reservoir),  and  240  feet  above  Town  Hall 
Datum  on  the  east  (Cliff  over  Bhandarwada  Reservoir).  The  mean  sea-level 
is  80-16  feet  Town  Hall  Datum. 

TABLE  ni.— BAunPALL  at  Colaba  Obsebvatobt  vob  thb  Fiftt  Ybabs,  1^843-1892. 


Average  Baisfall  for  the  50  years,  71*84  ins. 

The  observations  at  Colaba  are  quite  independent  of  the  Water  Works,  and 
are  inserted  as  a  complement  to  the  observations  on  the  Water  Works  with  a 
view  to  making  a  study  of  the  latter  more  useful  and  complete. 

Rainfall. 

Vehar  Lake  Observations.  The  Vehar  Lake  was  built  immediately  preced- 
ing and  during  the  period  of  the  Indian  Mutiny  (1856-59),  and  water  was 
first  supplied  to  the  City  of  Bombay  in  1860.  There  is  a  rainfall  record 
from  1861,  results  of  which  are  given  in  Table  IV. 

There  are  4  rain  gauges,  viz. : — A  is  situated  near  the  top  of  the  slope  of 
the  main  embankment,  in  a  completely  exposed  situation,  the  funnel  of  the 
gauge  being  8ft.  4ins.  above  the  pitching  of  the  embankment,  and  about 
7  ft.  above  the  top  of  the  embankment.  B  is  situated  on  the  eastern  side 
of  the  lake,  about  50  feet  distant  from  the  top  water  line  ;  the  site  is  clear, 
sloping  upwards  to  the  south- east.  The  funnel  of  the  gauge  is  8  feet  above 
the  ground.  C  is  situated  to  the  north-east  of  the  lake  on  a  clear  site, 
about  40  feet  distant  from  the  top  water  line  of  the  lake.     The  funnel  of 
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the  gange  is  aboat  10  ft.  5  ins.  above  the  gronnd  level.  D  is  sitaated  on 
the  western  side  of  the  lake  at  the  top  water  line.  The  fionnel  of  the  gauge 
is  10  ft.  1  in.  above  the  ground.  The  exposure  is  slightly  interfered  with  at 
present  by  trees,  and  the  gauge  will  be  moved  a  few  feet  so  as  to  be  quite 
free  from  the  interference  of  the  trees. 


Years. 

Bainfall. 

Tears. 

BainfaU. 

Tears. 

BainfaU. 

Years. 

BainfaU. 

Ins. 

Ins. 

Ins. 

Ins. 

i86i 

105-4 

1869 

91-69 

X877 
1878 

627X 

X885 

7635 

1862 

96-4 

1870 

64-97 
40-89 

120-79 

x886 

I04'65 

1863 

117-1 

1871 

1879 

7604 

1887 
x888 

9286 

1864 

83-2 

1872 

6593 

x88o 

7242 

76-71 

1865 

88-8 

1873 

83-72 

1881 

59XO 

X889 

85-24 

1866 

75-0 

1874 

9373 

1882 

5463 

X890 

xoo'04 

1867 

799 

1875 

7425 

1883 

^rs 

189 1 

8987 

1868 

70-2 

1876 

65-68 

X884 

X892 

X29-38 

Average  BainfaU  for  32  years,  83*90  ins. 

The  water  coUected  in  each  of  the  gauges  is  removed  at  6  a.m.  by  a 
native  watchman,  poured  into  a  separate  bottle,  and  carried  to  the  inspector, 
who  measures  the  quantity  in  the  measuring  glass.  The  4  quantities  are 
added  together  and  tiien  divided  by  4,  the  quantity  entered  for  the  day  being 
therefore  the  average  of  4  gaugings  in  different  parts  of  the  lake,  and  the 
yearly  total  given  is  the  total  of  such  diuily  averages.^  So  fiEUf  as  the  Author 
has  been  able  to  ascertain,  the  reading  at  6  a.m.  has  always  been  entered 
as  the  reading  for  the  date  attached  to  that  day,  instead  of  for  the  date  of 
the  preceding  day. 

Tuhi  Lake  Observatioiu.  A  similar  system  has  been  observed  at  Tulsi 
Lake,  but  the  works  there  are  more  recent,  and  the  record  dates  only  from 
1880  (Table  Y.).  Gaugings  were  taken  previous  to  that,  but  the  record  of 
them  appears  to  have  been  lost.    There  are  8  gauges  at  Tulsi,  E,  F,  G. 

E  is  situated  on  the  western  side  of  the  lake,  about  50  feet  from  the  water 
edge  and  15  feet  above  it.  Trees  interfere  with  the  exposure  of  the  gauge, 
although  not  actually  overhanging  it.  The  gauge  is  5  ft.  6  ins.  above  tiie 
ground.  F  is  situated  on  the  main  embankm6nt,and  is  freely  ezposed,the  funnel 
is  6  ft.  above  the  surface  of  the  ground.  The  funnel  of  the  gauge  is  at  about 
468  ft,  above  Town  Hall  Datum.  G  is  situated  near  the  Bungalow,  at  an 
elevation  of  about  640  ft.  above  Town  HaU  Datum.  It  is  near  the  summit 
of  the  hill,  which  rises  rapidly  from  the  water  level  and  is  freely  exposed  to 
the  west  and  south.  The  funnel  of  the  gauge  is  5  ft.  4  ins.  above  the  ground. 

All  the  gauges.  A,  B,  C,  D  ,E,  F,  and  G,  are  bottle  gauges,  with  funnels  4i  ins. 
diameter.  Alongside  of  each  is  a  Crossley's  self-recording  gauge,  but  as  the 
readings  of  the  latter  are  always  less  than  those  of  the  bottle  gauges,  they  are 
not  taken  into  the  totals. 

^  In  the  gauges  recently  estabUshed  by  the  Anthor  in  the  adjoining  Pawai  VaUey 
the  readings  of  each  gauge  are  separately  recorded. 
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TABLE  Y.— Baini ALL  at  Tulsi  Jjamm  1881-92. 

Level  of      Warte  Weir,  m  zalsed  1885 .... 45650  ft.  abore  T.  H.  Dalmn. 
„        Lowest  Inlet  to  Tower ••399*36  „ 


Team. 

Tears. 

-Rainfall, 

Years. 

TUfnMI 

Tears. 

Ha;«>iftll 

z88i 
1882 
1883 

Ins. 

84*26 

74-2i 

109-46 

1884 
1885 
1886 

Ins. 

94-84 

82-57 
io8'42 

JlOOO 

1889 

Ins. 

95-86 
89*08 
92«9i 

X890 
1891 
1892 

Ins. 
116*09 

9947 
144-15 

Average  Bainlall  for  the  Z2  years  99*28  ins. 

Pawai  Lake  Ob9ervation$.  The  2  gauges  In  the  Pawai  Valley  were  only 
established  in  1890.  They  are  bottle  ganges  5  ins.  in  diameter. 
The  fnnnels  are  placed  1  foot  above  the  level  of  the  ground.  The  Pawai 
gauge  is  near  the  village  of  Pawai,  on  a  small  island  in  the  lake,  at  about  198 
feet  above  Town  HaU  Datum ;  and  the  Goper  Valley  gauge  is  near  the  engine 
house  on  a  clear  site,  at  a  level  about  168  feet  above  Town  HaU  Datum. 
BainfaU  at  Pawai  Lake  1890-92. 
Ins.  Ins.  Ins. 

1890       98*88        1891        89-20        1892        122*27 

Tansa  Lake  Observations,  These  observations  date  from  1886.  The  rain 
gauge  is  fixed  on  the  ridge  of  the  hill  into  which  the  southern  end  of  the  dam 
is  tied.  The  site  is  clear,  declining  to  north  and  south.  The  funnel  of  the 
gauge  is  2  ft.  11  ins.  above  the  level  of  the  ground  ;  it  is  protected  by  plank 
fence,  at  8  ft.  distance,  2  ft.  in  height.  The  gauge  is  6  ins.  diameter.  The 
level  of  the  funnel  above  Town  Hall  Datum  is  428*76  ft. 


1887 
1888 


Rainfall  at  Tansa  Lake  1890-92. 

Ins.                               Ins.  Ins. 

106-49         1889         91*44         1891  80*66 

86*81        1890        99*47        1892  109*40 


Evaporation. 

The  Malabar  HiU  Reservoir  is  roofed  over.  The  evaporation  taking  place 
from  a  wooden  box,  10  ins.  square,  18  ins.  deep,  placed  under  the  roof,  but 
not  in  the  water,  was  in  May  1888  one-twelfth  of  an  inch  per  day. 

At  Bkandarwada  Bsservcir  the  only  observations  made  up  to  the  present 
were  in  May  and  June  1891,  in  connection  with  the  testing  of  the  uncovered 
filters  for  leakage  after  repairs.  Filter  No.  6  is  immediately  adjoining  the  ver- 
tical cliff  on  the  east,  which  was  formed  by  blasting  away  the  rock  so  that  the 
Beservoir  works  should  be  upon  the  uniform  level  of  190  ft.  above  T.H.D.  top 
water  level.  The  boxes  employed  were  of  tinned  plate,  as  used  for  kerosine 
oil,  and  each  was  tested  for  water  tightness  before  being  put  into  the  filter 
basin  ;  one  wooden  box  was  used  in  one  filter  alongside  the  tinned  box.  The 
details  of  the  observations  (in  this  case  made  by  the  Author)  are  given  in 
Table  VI. 

Xl^  Cushions  Nos.  1  and  2,  from  which  it  will  be  observed  the  evaporation 
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was  less  tha»  from  any  of  the  boxes,  are  not  freely  exposed  to  the  north, 
being  8  ft.  6  ins.  below  the  eoping  of  the  wall  and  thereby  shielded  from  the 
prevailing  wind  at  the  time  the  observations  were  taken.  As  remarked  above, 
No.  6  is  probably  greater  on  account  of  the  proximity  of  heated  rock. 

The  results  are  important  only  as  indicating  what  is  the  maximum  evapo- 
ration from  comparatively  small  sheets  of  water  during  the  hottest  part  of 
the  year ;  and  as  illustrating  the  difficulty  of  obtaining  reliable  results  from 
small  boxes  accessible  to  birds.  The  filters  are  visited  by  considerable 
numbers,  and  the  boxes  attract  special  attention.  It  will  be  noticed  that 
the  loss  from  the  basins  1,  2,  and  4  (and  5  for  part  of  the  period)  was  less 
than  that  from  the  evaporating  boxes,  even  supposing  the  basins  to  be  abso- 
lutely watertight. 

TABLE  VI.— Evaporation  vbom  the  Bhandabwada  FaTSRS.    (Each  Filtbb  is 

200  FEBT  LONO  BY  8o  TEST  BBOAD.) 


Period. 

Filter. 

Evapora- 
tion. 

Total  Evaporation  for  May  1891,  based  on  obaervationB  from 
Filter  No.  i,  5th  to  1 6th 

Ins. 
10-54 

IITO 
1094 

773 

8-20 

1332 
1074 

II 46 

14-13 

Ins. 

13*21 

13-83 
(1 278  wood. 
( 13-67  tin. 

9'oowood. 
12-41 
12-47 

FUter  No.  2,  nth  to  16th 

„     No.  4,  22nd  to  ist  Jane. « 

Evaporation  for  June — 
Oaflhion  Filter  No.  i,  ist  to  17th 

„               No.  2      ..         

Filter               No.  3      „          „     

„                   No.  5      „          „     • 

N0.6     „          „     

Mint  Tank.  In  September  and  October  1887  some  observations  were 
made  of  the  loss  from  the  tank  attached  to  the  Mint  in  Bombay,  which  is 
258  ft.  diameter  and  fully  exposed.  The  experiments  were  not  conclusive, 
but,  so  far  as  they  can  be  used,  indicate  an  evaporation  of  over  one  quarter 
of  an  inch  per  day.  The  Author  does  not  consider  that  the  observations 
should  be  seriously  considered,  as  the  temperature  of  the  water  in  this  tank 
was  above  that  of  the  air,  the  water  beiAg  uised  for  condensing  purposes.  A 
further  objection  is  that  the  water  level  at  the  time  of  the  observations  was 
about  10  feet  below  the  coping  of  the  wall,  and  the  air  circulation  was  thereby 
interfered  with,  as  well  as  the  exposure  to  the  sun. 

Vehar  Lake.     Top  water  level  268-5  ft.  above  T.H.D. 

The  observations  of  evaporation  were  commenced  at  Yehar  on  November 
6th,  1890.  The  box  used  is  of  wood,  painted  ;  10  ins.  square,  18  ins.  deep. 
At  the  commencement  of  each  month  the  water  is  filled  up  to  a  depth  of 
14  ins.,  and  the  observations  are  made  daily.  Two  boxes  are  now  maintained. 
In  one  the  water  level  is  started  at  the  beginning  of  the  month  1^  ins.  above 
the  water  in  the  lake  ;  and  in  the  other  1^  ins.  below.  This  plan  is  adopted 
as  a  check  against  leakage.  The  boxes  are  placed  at  a  short  distance  from 
the  shore,  where  they  can  be  stayed,  and  are  believed  to  be  free  of  gain  or 
loss  from  wave  splashing. 

TuUi  Lake.    Top  water  level  456-50  ft.  above  T.H.D. 

The  observations  were  commenced  on  January  1st,  1891.    During  1891 » 
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and  ap  to  Novmub€Jy  1892,  Uiete  was  only  one  boi  in  which  the  water  was 
kept  abont  Ai  ins.  above  that  of  the  water  in  the  lake.  The  box  is  similar 
to  those  at  Yehar.  In  November  1892  the  position  of  the  boxes  was  altered, 
as  the  former  position  was  exposed  and  splashing  took  plaoe.  The  readings, 
which  by  this  wind  action  have  been  rendered  rather  doubtfnl,  are  indicated 
by  a? 

Pawai  Lake.    Top  water  level  190  ft.  above  T.H.D. 

The  observations  were  commenced  on  January  1st,  1891,  bat  as  the  lake 
was  ran  off  later  in  the  year,  the  record  is  broken. 

Direct  observations  of  the  evaporation  from  the  Yehar  and  Talsi  lakes  are 
not  practicable,  because  the  quantity  drawn  off  and  the  area  of  the  water 
surface  at  different  levels  are  not  known  with  sufficient  accuracy  to  place 
calculated  results  beyond  doubt. 

Tama  Lake.  No  direct  observations  of  evaporation  have  been  made,  but 
during  construction,  water  was  stored  to  increasing  depths  after  each  season's 
work,  and  the  levels  of  the  water  on  the  Ist  of  each  month  in  1890,  1891, 
and  up  to  1892,  are  given  m  Table  YII.  (p.  69). 

Evaporation  during  the  Monsoon.  No  opportunity  has  occurred  for  deter- 
mining the  evaporation  from  large  areas  of  water  during  the  Monsoon. 
Such  figures,  however,  as  have  been  obtained  tend  to  show  that  evapo- 
ration in  the  Monsoon  proceeds  at  a  much  greater  rate  than  is  generally 
supposed.  The  rain  gauges,  being  at  an  elevation  of  several  feet  above  the 
ground,  probably  register  less  than  if  placed  on  the  water  level,  the  same  as 
the  evaporation  boxes.  The  figures  ^ow  that  the  evaporation  boxes  have 
almost  invariably  indicated  evaporation  even  on  days  when  rain  fell.  Far- 
ther experience  may  help  to  fix  the  quantity.  The  figures  confirm  those 
given  in  Beardmore's  IZ^cfrolo^;  and  probably  ordinary  evaporation  boxes 
would  be  comparatively  free  from  error^  due  to  birds  drinking  during  the 
Monsoon,  because  they  may  drink  almost  anywhere  and  at  any  time. 

TABLB  YIII. — ApPROZDUTX  KOKTHLT  ATXaAOB  EvAPORiTIOR   IN  TNCIHB8  WHICH  lOaHT 
BB  BXPBOTBD  ntOX  BTJBrACBS  OF  WATBR  Dff  TBB  NBIQHBOUBBOOD  OF  BoKBAT. 


Monih. 


January... 
February  . 
March    ... 

April 

Biay    

Jane 

July    

August  ... 
September. 
October  . .  • 
November  . 
Deoember  . 


Tear  . 


Ins. 

7*5 
70 
90 

lO'O 

X2*0 

50 

3*5 
4-0 

4*5 
7-0 
8-0 
8-0 


Jiis. 


Ins. 

6-5 
60 
S-o 
8-5 

lO'O 

50 

3-5 
4-0 

45 
6-0 
70 
7-0 


;8 


Ins. 

5-0 

55 
60 

7*5 
80 
50 
3-0 
4-0 
4-0 
5-0 

45 
5-0 


76*0     I     62-5 
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PROCEEDINGS  AT   THE  MEETINGS 
OF  THE  SOCIETY. 


Koyember  15th,  1893. 

Ordinary  Meeting, 

G.  Thbodobb  WiLLiABfs,  M.A.,  M.D.,  President,  in  the  Chair. 

Abchibald  Wilson  Andbrson,  Ohief  Weather  Bureau,  Brisbane ; 
Shklfobd  Bidweu,MJL.,  LL.B.,  F.B.S.,  Riverstone  Lodge,  Southfields,  S.W. ; 
BiCBABD  Baxtbb  Booth,  LD.S.,  9  Market  Square,  Crewe ; 
John  Mitchell  Bbuob,  M.D.,  F.B.C.P.,  70  Harley  Street,  W ; 
BoBBBT  Henbtson  Caibd,  Southbroom  House,  Devizes ; 
John  Hbnbt  Chaloneb  Chute,  BaUinasloe,  Co.  Gkdway ; 
Fbancis  Deuce,  Upper  Gatton,  Merstham ; 
Bev.  Francis  Habvie,  Fowler,  M.A.,  Bamwood,  Gloueester ; 
Edward  Leadeb  Hanna,  Bookhampton,  Queensland ; 
Gboroe  Henrt  Hill,  M.Inst.C.E.,  8  Victoria  Street,  S.W. ; 
Walter  Cunninohah  Hume,  Government  Lands  Office,  Brisbane ; 
Chablbs  John  Leeson,  Croydon,  North  Queensland ; 
John  Michael  Nicholls,  L.B.C.P.,  St.  Ives,  ComwaU ; 
Henrt  Fbanelin  Pabsonb,  M.D.,  4  Park  Hill  Rise,  Croydon ; 
GBOReB  YiCTOB  Pebez,  M.B.,  M.B.C.S.,  Puerto  Orotava,  Teneriffe ; 
John  Babwise  Soubfield,  Mitchell,  Queensland; 
Samuel  Sinnamon,  Junction  Creek,  North  Queensland ; 
Fbancis  Dbummond  Gbeville  Stanley,  F.B.I.B.A.,  Brisbane ; 
Dbbwbnt  Hutton  Btdeb  Waldbon,  M.B.,  CM.,  Accra,  Gold  Coast ; 
John  Geobge  Waller,  118  Powis  Street,  Woolwich ;  and 
James  Geoboe  Wood,  MA.,  LL.B.,  F.G.S.,  115,  Sutherland  Avenue,  W., 
were  balloted  for  and  duly  elected  Fellows  of  the  Society. 

The  following  Papers  were  read: — 

«The  Gbeat   Dbouoht    of   1898  and   its  Attendant  Meteobolooigal 
Phenomena.'*    By  Fbedebick  J.  Bbodib,  F.B.Met.Soc.    (p.  1.) 

"  Thundeb  and  Hailstorms  oveb  England  and  the  South  of  Scotland, 
July  8th,  1898.    By  William  Mabbiott,  F.B.Met.Soc.    (p.  31.) 


December  20th^  1893. 

Ordinary  Meeting. 

C.  Theodore  Williams,  M.A.,  M.D.,  President,  in  the  Chair. 

Bobebt  Ellis  Lobd,  M.D.,  B.Sc,  M.B.C.S.,  Abergele  Boad,  Colwyn  Bay ;  and 
Capt.  George  P.  Scott,  41  Hartington  Boad,  Liveipool, 
were  balloted  for  and  duly  elected  Fellows  of  the  Society. 

Mr.  J.  S.  Hardino  and  Mr.  A.  E.  Watson  were  appointed  Auditors  of  the 
Society's  Accounts. 

The  following  Papers  were  read  ; — 
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"  Thb  Gbeat  Stobm  or  Novembbb  16TH-aOrH,  1898.'*    By  GhabIiBS  Habdino, 
F.B.Met.8oo.    (p.  48.) 

**  On  CHANaEs  in  the  Chabaoteb  of  Certain  Months.**    By  A.  E.  Watson, 
BA.,  F.B.Met.Soo.    (p.  69.) 

**  Bainfall  and  Evapobation  Obsebtations  at  the  Bombay  Watbbwobks.** 
By  S.  ToMUNBON,  M.Inst.O.E.,  F.B.Met.Soc.    (p.  08.) 


CORRESPONDENCE  AND  NOTES. 

Oomparison  of  the  Readings  of  two  sets  of  Ufaxinmin  and  Minimnm 
Thermometen in  a  Stevenson  Screen*— Mr.  J.  Lovel,  of  Driffield,  writes: — 

**  Having  had  in  mjjposseBsion  since  1890  two  pairs  of  maximum  and  minimum 
thermometers  by  different  makers,  mounted  in  the  same  screen,  a  new  pattern 
Stevenson,  I  thought  it  might  be  useful  if  I  compared  their  readings  for  a  period 
when  all  the  instruments  were  read  and  set  at  9  a.m.,  the  Climatologicaf  plan, 
and  also  when  one  oair  was  read  and  set  at  9  a.m.  and  the  other  read  and  set  at 
9  p.m.,  the  Second  Order  plan.  This  has  now  been  done  during  the  past  year 
1893,  and  the  results  are  interesting. 

From  May  1890  to  the  end  of  December  1892,  both  purs  of  thermometers  were 
read  and  set  at  9  a.m.,  and  although  the  maximum  is  a  Standard  instrument  by 
Casella,  with  Eew  certificate,  I  found  it  necessary  to  apply  a  correction  of  P'O 
to  bring  it  into  accordance  with  the  other  maximum  by  Negretti  and  Zambra. 
When  this  was  done,  the  instruments  were  practically  identi^  in  their  readings 
with  an  average  difference  per  month  of  only  0°*003  in  1892. 

The  minimum  thermometer  readings  were  also  fairly  regular,  an  average  differ- 
ence of  only  0°'006  per  month  was  obtained,  although  one  of  them  is  regarded  as 
an  extra  sensitive  instrument,  being  a  Casella's  LinK  pattern  (no  index  errors). 

When  the  instruments  had  been  sufficiently  brought  into  agreement  with  each 
other,  at  the  beginning  of  4393,  one  pair  was  read  and  set  as  usual  at  9  a.m.  and 
the  other  pair  read  and  set  at  9  p.m.  As  a  final  result  of  the  experiment  in  the 
twelve  months  of  1893,  it  was  found  that  the  maximum  when  read  at  9  pjn. 
averaged  0°*194  per  month  lower  than  when  read  and  set  at  9  a.m. ;  and  that  the 
minimum  also  averaged  0°*309  lower.  A  somewhat  similar  result  is  shown, 
though  in  a  smaller  degree,  in  a  paper  by  Mr.  Ellis  in  the  Quarterly  Journal^ 
Vol.  XVI.  p.  213  ;  the  Second  Order  average  maximum  there  given  being  0^*06 
below  the  Climatological  average  maximum,  and  the  Second  Order  average  mini- 
mum 0^-08  below  the  Climatological  average  minimum  on  the  three  and  four  years' 
averages  respectively.  Taking  the  individual  years,  the  differences  are  — 0°'06. 
— 0°-04  and— 0°-10  for  the  maximum  temperature,  and  —0°-26, +0^-06  and 
—  0°- 11  for  the  minimum  in  the  years  1886,  1887,  and  1888,  showing  on  the 
whole  a  decided  tendency  of  the  Climatological  method  of  recording  temperature 
to  give  a  slightly  higher  reading  than  the  Second  Order  system. 

Perhaps  a  further  series  of  observations  miffht  modify  the  results,  but  the 
indications,  so  far  as  present  observations  go,  clearly  point  to  a  slight  lowering 
of  the  mean  annual  temperature  from  stations  of  the  Second  Order  when  com- 
pared with  those  on  the  Climatological  plan.'* 

Bailfltorm  in  Linoolnshiret  Angnst  22nd,  1893.— On  this  date  a  remarkable 
storm  of  rain  and  ice  occurred  between  4  and  4.30  p.m.  over  a  small  district  on 
the  Lincolnshire  Wolds  bounded  on  the  south  by  Fotherby,  South  Elkington, 
Welton,  Biscathorpe,  and  Hainton,  and  on  the  north  by  Ludford,  Eelstem,  ^orth 
Ormsby,  and  Utterby.  In  this  space  of  about  10  miles  east  to  west,  and  2  to  3 
miles  north  to  soutlL  much  damage  was  done  to  com  crops,  gardens,  and  glass. 
A  party  driving  barely  escaped  an  upset,  as  the  horse  was  paralysed  by  the  force 
of  the  storm.  Their  dog  was  killed  on  the  road,  and  many  chickens  were  beaten 
to  death  in  the  farmyards.    At  Hainton  Hall  gardens  the  ice  was  gathered  up 
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by  the  barrow  load,  pieces  in  some  parts  remaining  unmelted  until  next  morning. 

The  Rev.  J.  M.  Goates  made  the  accompanying  sketches  of  some  of  the  stones 
which  fell  at  Welton-le-Wold  at  4.30  p.m. 

Fig.  1  weighed  90  grains  15  minutes  after  it  fell. 

Fig.  2  was  drawn  42  minutes  after  it  fell. 

Fig.  4  measured  2^  ins.  in  length  50  minutes  after  it  fell. 

In  Figs.  1,  3,  and  4  the  projections  were  all  roughly  in  one  plane:  In  fig.  2 
the  projectiona  extended  from  all  sides. 


2. 


HaQ  Stones  (aotaal  size;  which  fell  at  Welton-le-Wold,  Lineolnshire,  August  22nd, 

1893. 

The  largest  stones  remaining  on  the  grass  lawn  were  not  quite  melted  away 
after  two  hours.  The  temperature  of  the  air  was  probably  about  7(f  at  4.30  p.m. 
There  was  no  appearance  of  crystalline  structure  in  any  of  the  hailstones 
examined,  but  rather  of  aggregation  of  globular  stones  of  small  size  in  the  pro- 
jections as  well  as  in  the  globular  nuclei. 

Thnnderstorm  Phenomena. — Mr.  H.  Bedford,  of  Newton  Abbot,  Devon, 
writes  under  date  of  December  12th,  1893 :  "  We  were  visited  this  morning 
by  a  curious  thunderstorm.  The  first  thing  I  heard  was  a  hissing  noise,  then  a 
loud  report  like  a  cannon.  This  was  repeated  three  times,  finishmg  off  with  a 
long  loud  report.  The  whole  phenomena  appeared  to  be  one  obstructed  clap  of 
thunder.  It  was  followed  by  great  stillness  for  about  five  minutes,  then  by  a 
most  vivid  flash  of  lightning  and  ordinary  thunder.  There  was  hail,  rain,  and 
gusts  of  wind.  This  morning  is  the  most  wretched  looking  I  ever  witnessed.  I 
noticed  on  Thursday  last,  I  think,  a  report  in  one  of  our  local  papers  that  a  ball 
resembling  a  small  moon  had  been  seen  in  the  north  direction,  aescending  per- 
pendiculanyj  and  exploding  with  falling  sparks,  and  someone  had  also  seen  a 
mysterious  hght  the  same  night  in  the  south.*' 

Heavy  Bain  at  Nioe*^Mrs.  Sturge  writes  that  she  and  Dr.  Sturge  arrived  at 
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Nloa  on  September  30th,  1893,  in  such  a  delage  of  rain  as  ha«  not  been  known 
for  years.  It  was  calculated  that  at  least' 8  ins.  fell  in  the  24  hours  ending 
9.80  a.m.  on  October  Ist ;  7^  ins.  were  measured,  and  a  considerable  quantity 
had  overflowed  the  rain  eauffe.  Nice  Midical  gives  for  September  30th 
194'4mmjs7'655  ins.  from  the  Avenue  des  Fleurs  (St  Philippe).  On  the  same 
day  the  observatoire  gave  88-4  mm.,  the  Ecole  Normale  157  mm.,  and  the 
Station  Agronomique  178*2  nun.  [Ed.] 

Heteorolo^oal  Nomenclatare.— Prof.  Cleveland  Abbe,  in  the  Monthly 
Weather  Review  for  August  1893,  remarks  on  the  great  diversity  in  the  usage  of 
meteorological  terms  by  the  daihr  press  and  meteorological  observers,  and  states 
that  in  the  Weather  Remew  the  following  usages  will  be  adhered  to : — 

The  terms  "  high  *'  and  *<  low  *'  will  refer  to  areas  in  which  barometric  pressure 
is  decidedly  above  or  below  that  of  the  surrounding  country,  without  reference 
to  any  normal  values  and  without  implying  any  specific  peculiarity  as  to  winds 
or  weather. 

The  word  ''storm"  will  refer  to  a  disturbance  of  the  ordinary  average  con- 
ditions or  to  unusual  phenomena,  and  unless  specifically  qualified  may  include 
any  or  all  meteorological  disturbances,  such  as  wind,  rain,  snow,  hail,  thunder, 
etc.  This  word  may  be  qualified  by  some  peculiarity,  t.^.  sandstorm  or  duststorm 
fsuch  as  the  "simoon"),  hot  wind  fsucn  as  the  "khamsin,"  or  "fohn,"  or 
"  Chinook  '*),  cold  windstorm  (such  as  the  "  norther  *'  and  the  "  pamperos  **),  cold 
rainstorm  and  snowstorm  (such  as  the  "  blizzard  "). 

A  "  hurricane  '*  or  "  typhoon  "  is  a  large  stormy  area,  often  several  hundred 
miles  in  diameter,  within  which  violent  winds  circulate  around  a  centre.  The 
centre  of  a  hurricane  or  typhoon  is  a  comparatively  calm  region,  where  even  the 
clouds  break  away  and  the  rain  ceases,  whereas  the  centre  of  a  thunderstorm  is 
the  region  of  greatest  intensity  of  wind,  rain,  or  lightning. 

A  "  tornado  *'  is  a  very  much  smaller  re^on,  usually  less  than  two  miles  in 
diameter,  within  which  even  more  violent  wind  prevails.  In  the  typical  tornado 
these  violent  winds  circulate  about  a  central  axis,  rapidly  ascending  at  the  same 
time  and  f orminff  a  funnel-  shaped  cloud  whose  base  is  at  the  average  cloud 
level ;  but  many  destructive  winas  have  been  classed  as  tornadoes  which  are  not 
circulating  about  such  a  funnel-shaped  cloud  or  vertical  axis,  but  which  are 
either  blowing  straight  ahead  on  the  earth's  surface,  as  in  the  "  Derecho  **  or 
straight  line  wind,  or  which  have  a  quasi-rotation  around  a  horizontal  axis,  as  in 
the  Uast  that  accompanies  the  front  of  a  "  norther  "  or  the  gust  in  front  of  the 
heavy  rain  of  a  thunderstorm.  We  shaU  endeavour,  as  far  as  possible,  to  separ- 
ate tne  true  tornado,  which  is  rare,  from  the  numerous  destructive  winds,  saualls, 
and  gusts  which  are  popularly  called  tornadoes,  hurricanes,  cyclones,  tourbillons, 
and  other  high  soundinff  names. 

The  term  "  whirlwind  *'  is  applied  to  any  revolving  mass  of  air,  and  includes 
at  one  extreme  the  hurricane,  and  at  the  other  extreme  the  dust  whirl  of  our 
street  comers. 

A  "  cyclone"  is  a  mass  of  air  circulating  around  a  centre  ;  the  lower  portion 
of  the  air  near  the  earth's  surface  has  a  vorticose  movement  in  towards  a  centre, 
while  the  upper  layers  have  a  movement  out  firom  a  centre ;  the  line  joining  the 
upper  and  lower  centres  is  the  axis  of  the  cyclone  ;  the  direction  of  rotation  is 
the  same  in  both  upper  and  lower  layers.  In  the  Northern  Hemisphere  this 
rotation  is  said  to  be  in  a  negative  direction,  or  opposite  to  the  diurnal  motion  of 
the  sun  in  azimuth,  and  opposite  to  the  movement  of  the  hands  of  a  watch  lying 
with  its  face  uppermost. 

An  "  anticyclone  **  is  a  mass  of  air  also  circulating  around  a  centre,  bnt  the 
lower  layer  of  air  has  a  movement  out  firom  a  centre  and  the  direction  of  rotation 
is  opposite  to  that  of  a  eydone,  being  positive  in  the  Northern  Hemisphere. 

Tne  terms  <'  cyclone  ^  and  "  anticyclone  *'  do  not  describe  phenomena  that  can 
be  observed  by  one  observer  or  at  a  single  station,  they  should,  therefore,  not  be 
used  in  the  description  of  local  phenomena ;  they  represent  generalisations  based 
upon  the  charting  and  study  of  winds  and  clouds  observed  at  many  stations,  and 
should  only  be  used  when  the  nature  of  the  rotation  of  the  winds  has  been 
clearly  demonstri^  or  can  be  safely  inferred. 

The  terms  "  cyclonic  winds,"  "  cyclonic  system,"  and  "  cyclonic  rotation  **  are 
equivalent  to  "  cyclone."  The  outer  portion  of  a  cyclone  generally  has  feeble 
winds  and  fur  wester ;  therefore  a  hurricane,  tornado,  or  whirlwind  is  only  a 
small  part  of  a  cyclone. 
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lUiufkll  of  IndUL— This  U  the  title  of  a  thick  folio  yolame  isfaed  by  the 
Meteorological  Department  of  the  QoYemment  ol  Ind^.  Frevioiia  to  the  'year 
1890  there  were  large  differences  in  the  hour  of  measuring  rainfall,  in  the  form 
eirain  gauge  used,  and  in  tiie  methods  of  registering  rainfall  in  the  different 
provinces  of  India.  The  want  of  uniformity  in  the  methods  of  registering  rain- 
fall was  due  to  the  fact  that  the  establishinent  of  rain  gauge  stations  and  the 
collection  of  the  data  were  commenced  numy  years  ago  by  the]  Reyenue  D^art* 
ments  of  the  various  local  Governments.  Each  Gh)yemment  naturally  established 
the  system  which  was  thought  at  the  time  best  suited  to  local  conditions  and 
reqmrements.  The  disadvantages  became  more  and  more  evident  from  year  to 
year,  and  at  length  the  Government  of  India  in  1890,  after  a  cai;e£ul  conaidera* 
tion  of  the  question,  ordered  the  following  changes  to.  be  ma49  in  order  to.seeore 
the  uniformity  of  system  that  appeared  to  be  desirable :— * 

1.  That  a  common  hour  for  rainfall  registration,  via.  8  a.m.,  and. a  common 
rainfall  week^  ending  on  Saturday  8  a.m.,  should  be  adopted  throughout  the  whole 
of  India. 

2.  That  all  rain  gauges  should  be  systematically  inspected,  and  that  copies  of 
all  inspection  reports  by  local  officers  should  be  sent  to  the  MeteoroXogioal 
Reporter  to  the  Government  of  India  for  his  information,  and  in  order  that  he  may 
make,  when  desirable,  suggestions  for  the  improvement  of  any  rain  gauge  station 
at  which  the  arrangements  are  not  satisfactory. 

3.  That  5  inch  Symons'  rain  gauges,  tested  by  the  Meteoroleigical  Depart- 
ment, should  be  the  only  description  of  gai:^e  used. 

4.  That  monthlj^  returns  of  rainfall  should  be  published  by  each  local  Qoyeruf 
ment,  of  which  copies  shall  be  bound  together  and  issued  as  an  annual  volnme 
by  the  loiperial  Meteorological  Department 

5.  That  the  Imperial  Meteorological  Department  should  adopt  a  fixed  division 
of  ihe  year  into  four  periods,  corresponding  with  the  periods  of  general  rainfall 
throughont  the  year  in  India,  for  purposes  of  comparison. 

6.  That  for  the  purpose  of  calculating  the  number  of  rainy  days  a  fall  of  one 
tenth  of  an  inch  ana  upwards  should  be  taken  to  denote  a  rainy  day. 

These  changes  came  into  operation  January  1st,  1891,  and  the  yolumes  for 
1891  and  1892  have  now  been  published. 

Dmily  Weather  Charts  of  the  Indian  Mdnaoen  Area.— The  Gtovemment  of 

India  has  sanctioned  the  publication  for  a  period  of  two  years  of  Daify  WecUher 
ReporU  and  Charta  of  the  Indian  Mon$9on  Ar$a  with  a  view  to  elucidateL  if  pos- 
sibly, the  relations  between  the  larger  meteorological  changes  in  the  Indian  land 
area  and  the  adjacent  sea  areas,  and  more  espeoiuly  the  conditions  preceding  the 
generation  of  cyclonic  storms  and  the  conditions  determining  the  larger  advances 
of  South-west  Monsoon  winds  in  the  Indian  seas,  and  the  variations  in  the 
strength  of  the  Monsoon  currents  so  far  as  they  are  dependent  upon  conditions 
in  the  sea  areas. 

All  ships  that  enter  the  ports  of  Bombay  and  Calcutta  are  visited  by  clerks  of 
the  Bombay  and  Calcutta  Meteorological  Offices  in  order  to  make  extracts  of  the 
meteorological  information  in  the  logs  of  tiie  vessels,  when  permitted  by  the 
ship's  masters.  They  also,  when  allowed,  make  comparisons  of  the  ships* 
barometers  with  portable  secondary  standards.  This  information  is  regularly 
collected  and  tabulated,  and  is  thehasis  of  the  data  given  in  the  Daily  Weather 
Reports  and  Charts  of  the  Indian  Monsoon  Area  which  have  been  prepared  and 
issued  by  the  Simla  Meteorological  Office  since  January  1st.  1893. 

These  daily  weather  reports  may  to  some  extent  be  ccmsidered  as  supplemen- 
tary to  the  India  Daily  WmUur  JKeporta  published  by  that  office. 

Climate  of  M aahonaland,— Mr.  R.  M.  W.  Shaw,  a  member  of  the  Arohado- 
logical  Exploration  Party  of  Central  Africa,  in  a  p^>er,  read  b^ore  the  Philo- 
sophical  Societv  of  Glasgow,  on  the  '*  Geopaphy  of  Mashonaland,"  says: — ^The 
meteorology  of  the  high  plateau  is  interesting  and  extraordinary.  Over  the  dry 
Kalahari  Desert  we  experienced  many  electric  storms ;  in  fact  almost  every  evening 
there  were  brilliant  displays  of  summer  lightning.  At  Zimbabwe  I  took  contin- 
uous readings  of  the  dry  and  wet  bulb  thermometers  and  of  the  barometer  for  the 
two  months  of  June  and  July,  and  these  give  us  a  fair  idea  of  the  climate  at  that 
time.    During  the  first  week  we  had  Soqth^eaaMy  winds,  a  high  barooieter,  and 


Digitized  by 


Google 


76  OOBBBSPOMDENCB  AND  NOTES. 

rain  and  mists.  The  wind  then  fell,  and  the  barometer  with  it,  and  we  had  three 
weeks  of  fine  calm  weather.  The  barometer  reached  its  minimum  on  June  27th, 
and  at  the  same  time  the  difference  of  the  readings  of  the  dry  and  wet  bulb 
thermometers  was  at  its  maximum — ^that  is  to  say,  the  air  was  driest  with  a 
low  barometer.  The  sky  was  then  clear  with  li^ht  North  winds,  which  were 
evidently  local  in  origin,  and  the  temperature  at  mght  feU  below  freezing  point, 
so  that  m  the  morning  we  saw  a  light  deposit  of  hoar  frost.  Immediately  after 
this  the  barometer  began  to  rise,  there  were  light  South-easterly  winds,  the 
atmosphere  became  moister,  and  on  July  4th  the  South-easterlj  winds  had 
increased  considerably  in  strength,  and  some  rain  fell.  From  this  time  until 
August  2nd  the  barometer  slowly  rose  and  fell,  its  range  being  limited  to  three- 
tenths  of  an  inch,  and  wheneyer  the  South-easterly  winds  blew  at  all  strongly  tiie 
barometer  rose,  and  we  had  mist  and  rain. 

At  first  sight  it  seems  surprising  that  we  should  haye  windy  wet  weather  with 
a  high  barometer,  but  we  must  remember  that  the  only  winds  which  can  bring 
rain  to  Zimbabwe,  at  least  in  winter,  are  the  South-easterly  winds,  and  these,  like 
all  winds  blowing  towards  the  Equator,  increase  the  atmospheric  pressure. 
Zimbabwe  is  situated  on  the  edge  of  a  plateau  about.  3,400  feet  aboye  sea-leyel. 
The  country  breaks  down  gradually  towards  the  south  and  east,  and  more  rapidly 
towards  the  west ;  while  towards  the  north  it  rises  gently  until,  after  about  lOO 
miles,  it  attains  an  altitude  of  5,000  feet.  The  West  winds,  if  they  do  blow, 
haye  to  trayerse  the  continent  and  high  country,  about  the  sources  of  the 
Limpopo,  before  they  reach  Zimbabwe,  and  the  Northerly  winds  would  tend  to 
increase  in  temperature  after  &lling  from  the  high  country  towards  the  north  ; 
so  that  neither  of  these  winds  will  deposit  moisture  at  Zimbabwe  under  ordinary 
circumstances.  The  predominant  winds  in  this  latitude  are  the  Soutii-easterly 
Trades,  and  they,  carrying  their  moisture  from  the  Indian  Ocean,  are  forced  to 
rise  as  they  pass  oyer  this  country,  and  iheyr  consequently  expand  and  are  lowered 
in  temperature,  and  so  deposit  much  of  their  moisture  on  this  edge  of  the  high 
plateau.  A  similar  winter  climate  seems  to  preyidl  in  most  parts  of  Mashonaland, 
the  edges  of  the  plateau  receiying  most  oi  the  moisture.  Manicais  situated 
much  nearer  the  sea  than  Zimbabwe,  and  the  country  there  falls  much  more 
rapidly  towards  the  east,  and  consequently  the  rainf  idl  there  is  heayier.  Fort 
Sfldisbury  is  better  situated  for  a  dry  winter,  for  it  is  in  the  middle  of  a  high 
plateau,  and  the  South-easterh-  winds  will  haye  parted  with  most  of  their  surplus 
moisture  for  that  altitude  befare  they  reach  it. 

Gale  in  the  Baliamas,  Oot  9-11^  1898. — Mr.  A.  Shea,  the  GK>yemor,  Nassau, 
in  a  despatch  to  the  Colonial  Office,  states  : — ^These  Islands  haye  been  yisited  by 
a  seyere  storm,  and  though  the  damage  is  less  than  had  been  apprehended,  a  con- 
siderable amount  will  be  required  to  repair  the  injury  to  whanres  ana  other 
pubUc  property. 

The  barometer  showed  signs  of  disturbance  on  Monday.  October  9th,  the  wind 
having  backed  from  North-east  to  North,  increasing  to  force  7,  On  Tuesday 
the  wmd  was  North-north-west,  force  8,  barometer  29*86  ins.  at  4  p.m.  The 
glass  then  fell  gradually  until  the  afternoon  of  Wednesday  the  11th,  reaching 
its  lowest  point,  29*46  ms.,  at  6  p.m.,  when  the  force  of  the  wind  was  8  to  10. 
The  ^ind  had  then  yeered  to  West-north-west  with  heayy  squalls  until  it  settled 
to  South-west.  During  the  night  of  Wednesday  the  glass  rose  gradually,  and 
the  following  morning  the  weather  cleared  up. 

The  sea  is  said  to  haye  been  the  heayiest  eyer  known  here,  and  the  wharyes 
and  other  waterside  priyate  property  are  a  good  deal  injured.  The  dwelling  of 
the  Assistant  Lighthouse  Keeper  on  Hog  Island  at  the  entrance  to  this  harbour 
was  washed  into  the  sea,  the  inmates  having  but  a  few  minutes  before  quitted  it 
for  shelter  in  the  keeper's  house.  The  latter  seemed  in  such  imminent  danger 
that  a  crew  from  the  Imperial  Lighthouse  tender  Eiehmond  manned  a  boat  at 
considerable  risk,  and  effected  the  rescue  of  both  families.  Mr.  Stephen  Albert 
Dillet,  the  second  officer,  was  in  charge  of  the  boat,  and  this  is  the  second 
occasion  since  my  arrival  here  on  which  this  officer  performed  gallant  and  highly 
meritorious  service  of  the  same  character. 

The  accounts  from  the  out  islands  that  have  so  far  come  to  hand  report  more  or 
less  damage  from  the  heavy  sea,  but  nothing  serious  from  the  wind.  I  hay^  not 
yet  heard  from  Abaco,  where  I  fear  the  gale  was  most  felt,  as  was  the  case  in  the 
August  storm  (see  Quarterly  Journal,  Vol.  XIX.  p.  260). 
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Climate  of  New  Zealand. — Sir  James  Hector,  in  the  New  Zealand  Official 
Year  Book  for  1893,  gives  an  account  of  the  climate  of  the  Colony.  He  states 
that  the  climate  resembles  that  of  Great  Britain,  but  is  more  equable,  the 
extremes  of  daily  temperature  yarying  throughout  the  year  by  an  average  of 
20^  only,  whilst  London  is  T  colder  than  the  North,  and  4°  colder  than  the 
Middle,  Island  of  New  Zealand.  The  mean  annual  temperature  of  the  North 
Island  is  57°,  and  of  the  Middle  Island  bV ;  that  of  London  and  New  York 
being  51^  The  mean  annual  temperature  of  the  different  seasons  for  the  whole 
colony  is:  spring,  55°;  summer,  03°;  autumn,  57°;  and  winter,  48°.  The 
climate  on  the  west  coast  is  more  equable  than  on  the  east,  the  difference  be- 
tween the  averaffe  summer  and  winter  temperatures  in  the  north-west  portion  of 
the  North  Island  being^  nearly  4°  less  than  in  the  South-east,  while  as  between 
the  corresponding  portions  oi  the  South  Island  the  differences  vary  by  some  7°. 
This  is  due  to  the  action  of  the  equatorial  winds,  which  impinge  on  the  west 
coast.  The  extent  of  their  influence  can  be  better  appreciated  by  comparing 
the  annual  fluctuations  of  temperature  on  the  opposite  sea-boards  of  the  Middle 
Island.  At  Ghristchurch  on  the  east,  the  range  is  greater  by  7°  than  at  Hoki- 
tika  on  the  west. 

The  northern  part  of  New  Zealand  is  within  the  influence  of  the  subtropical 
winter  rainfall,  tne  probability  of  rainfall  in  winter  in  that  part  of  tiie  colony 
being  twice  as  large  as  in  summer.  In  the  south,  however,  the  rainfall,  tiiougn 
irre^ar,  is  distributed  more  equally  over  the  year.  The  chief  difference  to  be 
observed  is  that  on  the  west  coast  spring  rains  prevail,  and  on  the  east  coast 
summer  rains,  while  in  the  middle  of  the  colony  the  driest  season  is  autumn, 
and  in  the  south  it  is  winter  and  spring.  The  contraat  between  the  east  and 
west  coasts  in  the  matter  of  rainfall  is  as  striking  as  the  difference  in  tempera- 
ture. Thus  in  the  North  Island,  Napier  on  the  east  has  only  half  the  amount  of 
rain  that  f^ls  in  Taranaki  on  the  west.  But  the  Middle  Island  with  its  longi- 
tudinal range  of  lofty  mountains  exhibits  this  feature  in  a  still  more  marked 
manner,  for  the  rainfall  on  the  west  is  nearly  five  times  that  on  the  east.  The 
excess  of  precipitation  on  the  coast  is  clearly  illustrated  by  Uie  distribution  of 
the  glaciers  on  the  opposite  sides  of  the  range.  Those  on  the  west  slope  have 
an  excessive  supply  of  snow  and  descend  to  a  line  where  the  mean  annual  tem- 
perature is  50°,  wmle  on  the  east  slope  they  descend  only  to  the  mean  annual 
temperature  of  87°.  The  winter  snow  line  of  the  Southern  Alps  on  the  east  side 
is  3,000  feet,  and  that  on  the  west  side  3,700  feet. 

Periods  of  lasting  drought  are  almost  unknown  in  New  Zealand,  and  only  in 
two  instances  do  the  records  show  a  whole  month  at  any  station  without  rain. 

The  confi^ation  of  the  colony — its  great  length  from  north  to  south,  com- 
pared with  its  breadth,  its  extent  of  coast  line,  and  the  division  of  the  two 
Erincipal  parts  by  Cook  Strait — renders  it  very  subject  to  the  influence  of  sea 
reezes.  As  a  consequence,  in  parts  of  the  country  there  is  at  times  much 
motion  in  the  atmosphere,  and  windy  days  are  prevalent.  Owing  to  the  fact 
that  most  atmospheric  disturbances  pass  from  west  to  east  with  the  centre  of 
the  depression  to  the  south  of  New  Zealand,  there  is  a  marked  prevalence  of 
Westerly  winds  throughout  all  seasons,  but  they  are  much  modified  by  the  form 
of  the  land.  When  the  centre  passes  to  the  north  of  New  Zealand,  the  result  is 
that  the  North-east  winds  impinge  on  the  east  coast,  bringing  rain,  followed  by 
cold  South-easters  with  heavy  storms  of  rain  and  snow  during  winter  in  the  south. 
The  more  common  Westerly  winds  begin  in  the  north-north-west  with  heavy 
rain  on  the  west  coast,  and  gradually  veer  to  South-west,  when  fair  bright 
weather  sets  in  on  that  coast ;  but  the  same  Southerly  wind,  sweeping  along 
the  east  side  of  the  islands,  brings  heavy  strong  weather  locally  known  as 
"  Southerly  bursters,"  which  from  the  shape  of  the  coast  reach  the  region  oi 
Cook  Strait  as  South-east  storms.  All  the  other  winds  are  either  land  or  sea 
draughts,  with  light  fine  weather,  or  are  moderate  winds  produced  by  the  circu- 
lation of  the  atmosphere  round  anticyclonio  areas  of  high  barometnc  pressure, 
which  are  far  more  persistent  in  their  influence  than  the  fast  moving  cyclonic 
or  low  pressure  areas.  Wellington,  b^  reason  of  its  position  near  the  narrowest 
part  of  Cook  Strait,  is  peculiarly  subject  to  wind. 

Thunderstorms  are  most  frequent  where  the  changes  ofwind  are  most  suddenly 
felt,  from   the   most   equatorial  currents  to  the  cold   polar  currents    of  the 
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tioutfahw^it  On  the  west  coast  they  are  most  frequent  In  spring,  except  in  tbe 
extreme  soaih-west  of  Otago,  where  daring  winter  thonderstormB  are  or  ahnost 
daily  occoirenee. 


RECENT    PUBLICATIONS. 

Ammcan  Mtteorologieal  Journal.      A  Monthly    Review  of  Meteorology. 
Oetober-Deeember,  1898.    Vol.  X.    Nob.  6-8.    8vo. 

The  principal  articles  are : — The  Seiche  in  America :  by  £•  A.  Perkim 
(12  pp.).  The  Seiche  is  defined  as  being  a  movement  of  the  water  rhythmical, 
isocnronous,  and  of  decreasing  amplitude,  the  result  of  a  disturbance  in  the  atmo- 
sphere—The hailstorm  of  May  20th,  1893 ;  by  Prof.  P.  W.  Very  (11  pp.).  Thia 
is  an  account  of  the  thunder  and  hail  storms  which  occurred  in  South  Eastern 
Ohio,  South  Western  Pennsylvania,  and  the  northern  part  of  West  Virginia.  In 
many  places  the  hail  stones  were  more  than  2  inches  in  diameter,  and  caused  a 
great  amount  of  destruction. — Analysis  of  the  causes  of  rainfall,  with  special  rela- 
tion to  surface  conditions :  by  Q.  E.  Curtis  (8  pp.). — ^The  highest  meteorological 
station  in  the  world :  b;^  A.  U  Rotch  (6  pp.).  This  station,  which  is  16,650 
feet  above  sea-level,  is  situated  on  Mt.  Charchani,  Peru,  and  is  just  below  the  per- 
manent snow  line.  It  is  proposed  to  place  there  a  set  of  self-recording  instru- 
ments.— ^A  loop  in  the  track  of  an  ocean  storm :  by  E.  Everett  (6  pp.). — ^The 
mechanism  of  a  tornado :  by  Prof.  H.  A.  Hazen  (4  pp.). — Hot  winds  in  Texas  : 
by  A.  Buell  (4  pp.). --Mountains  as  storm  breeders  :  b^  R.  de  G.  Ward  (3  pp.). 
— ^The  winds  of  the  Indian  Ocean  :  by  Prof.  W.  M.  Davis  (11  pp.). — South  Ameri- 
can Meteorology:  by  Prof.  W.  H.  Pickering  (4  pp.). — ^A  South  American 
tornado :  by  W.  G.  Davies  (4  pp.).  This  is  an  account  of  the  tornado  which 
occurred  on  November  13th,  1891,  and  devastated  the  village  of  Arroyo  Seco, 
situated  on  the  railroad  from  Buenos  Ayres  to  Rosario.  In  regard  to  tiie 
pressure  and  velocity  of  the  wind,  an  approximate  idea  may  be  formed  bv  the 
force  required  to  throw  down  buildings  and  to  raise  and  carry  away  railroad 
cars.  Of  the  21  box  and  flat  cars  standing  upon  the  line  and  sidings,  17  were 
upset,  some  with  their  wheels  in  tiie  air,  others  broken  in  pieces,  and  one  loaded 
car,  having  a  total  weight  of  14,000  kilogrammes,  was  thrown  80  metres  to  the 
west  of  the  road.  The  freight  shed  measuring  26  by  10  metres,  constructed  of 
galvanised  iron,  was  raised  from  its  foundation,  and  tumine  over  in  the  air  was 
thrown  against  the  station.  Some  of  the  plates  of  this  building  were  found  at 
Isla  del  Rio,  a  distance  of  over  two  miles.  A  most  extraordinary  feature  was 
that  the  front  wall  of  the  station  which  received  the  blow  of  the  shed  suffered 
little  damage,  while  the  opposite  wall,  60  centimetres  thick,  was  so  bent  that  it 
had  to  be  rebuilt,  and  the  interior  partitions,  20  centimetres  thick,  were  for  the 
most  part  entirely  thrown  down.  This  phenomenon  can  only  be  explained  by 
the  difference  in  atmospheric  pressure  between  the  inside  and  outside  of  the 
buildinff  due  to  its  sudden  diminution  outside  at  the  first  gust  of  wind,  so  that  the 
air  confined  inside  acquired  for  the  moment  an  explosive  force.  Employing  all 
available  data,  it  results  that  the  force  of  the  two  wind  components  (vertical  and 
horiaontal)  exerted  a  pressure  of  125  lbs.  per  square  foot,  but  probably  for  a  few 
seconds  only  — Errors  of  the  psychrometer  :  by  Prof.  H.  A.  Hazen  (2  pp.). 
This  is  a  criticism  of  Mr.  Midgley's  paper  *'  Constructive  Errors  in  some  Hygro- 
meters "  which  appeared  in  the  Quarterly  Journal,  Vol.  XIX.  p.  197. 

Annuaire  de  la  SocUtS  Meteorologiqus  de  France.     Tome  XLI.,  January- June, 
1898.     4to. 
The  principal  articles  are : — Probldmes  relatifs  i  la  circulation  g^n^rale  de 
I'atmosphdre :  par  H.  Lasne  (19  pp.).) — R^sum^  des  observations  centralis^es 

Sar  le  Service  nydrom^trique  au  bassin  de  la  Seine  pendant  Tannic  1891 :  par 
[.  Babinet  (30  pp.). — Notice  relative  aux  chutes  de  neige  de  Janvier  1893 :  par 
V.  Raelot  (1  p.).^-R48um6  des  observations  magn^tiques  faites  en  Islande,  & 
Tile  Jan  May  en  et  au  SpiUbcrg,  en  1892,  par  MM.  les  officiers  du  transport  La 
Manche:  par  T.  Moureaux  (4  pp.) 
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Indian  Meteorological  Memoirs :  being  ocoasional  Discossions  ftlid  Compila- 
iionB  of  Meteorological  Data  relating  to  India  and  the  Neighbonring 
Countries.    Yol.  IV.    Part  Ym.    4to.  1898. 

This  Part  b  devoted  to  an  account  by  Mr.  J.  Eliot  of  the  more  important  cold 
weather  storms  in  India  durinff  the  years  from  1876  to  1891.  From  this  discus- 
sion it  appears  that  the  cold  weather  storms  are  phenomena  of  an  npper 
current  in  Northern  India  which  forms  an  important  part  of  the  general 
circulation  of  the  earth's  atmosphere.  So  far  as  can  be  at  present  judged, 
they  form  in  the  plateaux  and  mountain  areas  of  Upper  India,  Baluchistan, 
Persia  and  Afghanistan,  and  are  hence  apparently  smiilar  to  the  majority 
of  the  winter  storms  in  the  United  States,  whicn  are  said  to  form  m  the 
area  to  the  west  of  the  Bocky  Mountains.  It  is  possible  the  cold  weather 
storms  of  In^a  may  be  merely  the  redevelopment  of  shallow  depressions 
travelling  eastwards,  but  there  is  as  yet  little  or  no  direct  evidence  in  favour  of 
this  supposition.  Their  development  and  the  peculiar  features  of  the  secondary 
depressions,  and  the  dependent  phenomena,  have  been  explained  by  the  relations 
between  this  upper  current  over  Northern  India  and  the  influx  of  air  from 
the  equatorial  belt,  and  by  the  action  of  the  vast  mass  of  the  Himalayas  and  Afghan 
Mountains,  and  other  geographical  conditione,  in  modifying  the  cyclonic  motion 
in  India  determined  originally  by  the  primaries.  The  phenomena  of  the  warm 
waves  and  the  .dry  cool  waves  which  accompany  them  are  to  some  extent  of 
special  effects  determined  by  the  conditions  of  the  snowfall  in  the  areas  to  the 
north-west  and  west  of  India.  Their  history  shows  the  necessity  for  an  early 
extension  of  meteorological  observations  in  the  long  area  between  Uie  field  of 
European  and  of  Indian  meteorological  work.  It  is  doubtful  whether  it  will  be 
possible  to  trace  the  origin  of  these  storms  more  definitely  until  international 
charts  for  the  Northern  Hemisphere,  or  at  least  for  Europe,  North  Africa,  and 
Asia,  are  prepared. 

Meteorologitche  Zeittchr\fu  Bedigirt  von  Dr.  J.  Hann  nndDr.  G.  Hsllmanh^ 
September-November,  1898.    4to. 

The  principal  contents  are :  —  Die  Beffistrirungen  des  Moreland'schen 
Grewichtsbarographen  von  B.  Fuess  in  Bemn :  von  Dr.  Grossman  (7  pp.). 
Weight  barometers  have  never  been  much  used  in  this  countiy,  the  cost  of 
King's,  owing  to  the  large  quantity  of  mercury  required,  havmg  effectually 
damped  the  ardour  of  intending  purchasers.  Dr.  Grossman's  paper  dives  us  a 
carefully  drawn  up  account  on  the  advantages  and  disadvantages  of  tne  form  of 
apparatus  which  has  now  acted  for  seven  years  at  the  Seewarte,  Hamburg. 
The  i^paratus  works  by  electricity,  and  Dr.  Grossman  admits  that  interruptions 
in  registration  are  not  uncommon. — ^Zur  Dynamik  der  Atmosphere :  von  M. 
Moller  (11  pp.).  This  paper  completes  this  treatise,  which  has  been  carried  on 
for  five  months  with  intervals.  At  pp.  336-7  Dr.  M511er  gives  the  summary  of 
all  his  conclusions. — Die  klimatischen  Grundgleichungen  des  Eonigreichs 
Sachsen :  von  Dr.  P.  Schreiber  (9  pp.).  This  is  a  smnmary  of  a  forthcoming 
paper  in  the  third  part  of  the  KUma  von  Sachsen  to  appear  next  year. — Oliver 
Lodge  fiber  Blitzableiter  undBlitzschutssvorrichtungen:  von  A.  V.  Obermayer 
(10  pp.).  This  is  an  abstract  of  Prof.  Lodge's  book,  Lightning  Conductors  and 
Lightning  Guards. — Die  sakularen  Temperaturschwankungen  in  Turin :  von  Dr. 
J.  B.  Bi2zo  (4t  pp.) .  This  is  a  discussion  of  the  temperature  records  of  Turin,  which 
go  back  to  the  year  1753,  with  the  view  of  testing  the  truth  of  Bruckner's  assertion 
that  temperature  follows  a  cycle  of  35  years.  Dr.  Bizzo  claims  to  have  proved 
that  his  figures  show  a  period  of  19  years. — Ueber  die  Haufiskeit  der  Halo- 
Pbaiiomene  :  von  Dr.  G.  Hellmann  (4  pp.).  This  paper  shows  that  the  ordinary 
idea  that  lunar  balos  are  more  common  than  solar  ones  is  entirely  incorrect.  Dr. 
Hellmann  maintains,  from  the  figures  he  has  been  able  to  find,  that  solar  halos  are 
about  five  times  as  common  as  the  lunar.  Solar  halos  are  most  frequent  from 
April  to  June,  and  least  so  in  mid-winter.  Lunar  halos  are  most  common  in  the 
winter  half  year.  These  results  mainly  are  derived  from  the  older  observations 
at  Upsala,  and  are  confirmed  by  figures  from  New  York  and  from  Japan.  It  is 
much  to  be  regretted  that  at  most  observatories  no  regular  watch  is  kept  on  the 
sky,  and  thus  many  halos,  &c.  escape  notice. 
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Mittheilungmdes  K.  K.  MilUdr-GeogKaphifchm  Institutes,  Bond  XII.  1892. 
8vo. 
Contains :  Vergleiche  you  Qaeckailber-Barometem  mit  siede-Thermometom  : 
Yon  H.  Hartl  (75  ppO-  The  author,  who  has  already  written  seYeral  papers  !a 
the  Meieoroloffische  Zeitschrift^  has  printed  this  paper  in  defence  of  boiling  point 
thermometers,  which  haYC  or  late  years  beep  rather  under  a  cloud  since  theintro< 
duction  of  aneroids.  He  concludes  that  boiling  point  thermometers  are  at  least 
as  accurate  as  siphon  mountain  barometers,  proYided  they  haYe  been  accuratelY 
tested  and  the  tnoe  calibrated  throughout  its  whole  length.  He  holds  that  such 
thermometers  are  absolutely  indispensable  for  all  explorers  making  mountain 
ascents. 

Symons's  Monthly  Meteorological  Magazine.  Vol.  XXYHI.  October- 
December,  1898.  8vo. 
The  principal  articles  are : — ^The  Chicago  Meteorological  Congress  (3  pp.). — 
Rainfall  in  rersia  (4  pp.).— The  British  Association  at  Nottingham  (3  pp.). 
This  includes  abstracts  of  scYeral  of  the  meteorological  reports  and  papers 
read  at  the  Meeting  of  the  Association. — Sunspots  and  Air  Temperature  (1  p.). 
—The  Drought  and  Heat  of  1893:  by  P.  Bicknell  (1  p.).— October  Raspberries 
and  Strawberries  (1  p.^.^March  to  October  1898  (6  pp.).  This  is  a  comparison 
of  the  1893  obserYations  with  those  for  the  10  years  1883-92,  and  shows  the 
remarkable  character  of  the  past  season. — ^The  Minimum  in  Winter  on  the 
summit  of  Ararat  (1  p.). 

Weather  Lore.    A  Collection  of  Proverbs,  Sayings  and  Roles  conoemmg 

the  Weather.     Compiled  and  arranged  by  Riohabd  Inwards,  F.R.A.S. 

1898.     8vo.     200  pp.  and  2  plates. 

This  is  really  the  second  edition  of  a  little  book  which  Mr.  Inwards  published 

in  1869.    The  present  Yolume  has  been  Yery  neatly  got  up,  and  contains  the 

most  extensive  and  complete  collection  of  weather  lore  yet  published.    It  is 

accompanied  by  a  plate  illustrating  the  various  cloud  forms,  together  with  their 

heights  and  names.    It  has  also  a  bibHography  of  weather  lore,  and  a  very  full 

index. 

ZeOschrift  der  Geselltchaft  fur  Erdkunde  zu  Berlin.    Band  XXYHI.    1898. 
No.  2.     8vo. 

This  contains  a  paper  (30  pp.)  by  Dr.  J.  Hann  on  the  Climate  of  Quito.  The 
material  which  the  author  had  at  his  disposal  was  extraordinarily  scantv  and 
sporadic  ;  3  months,  not  consecutive,  between  February  and  May  1871,  and  then 
29  months,  October  1878  to  March  1881.  Nothing  but  Dr.  Hann's  experience 
and  his  unremitting  care  in  inYestigation  could  have  enabled  him  to  obtain  any 
conclusions  from  such  data.  For  instance,  some  of  the  data  in  the  published 
records  he  dismisses  as  being  absolutely  fictitious.  He  finally  obtains  from 
Whymper's  observations  Yalues  for  Guayaquil,  and  gives  as  his  final  result  a 
mean  value  of  the  barometer  at  sea  level  at  Guayaquil  at  29-922  ins.  As  for 
temperature  he  finds  that  the  old  value  of  60°  given  by  Boussingault  and  quoted 
by  Dove  to  be  more  than  3°*7  too  hish.  The  value  Hann  finds  is  56°*3.  In  this 
connection  Hann  speaks  of  the  value  of  earth  temperatures  at  the  depth  of 
3  feet,  a  method  of  observation  which  has  been  much  neglected  of  late,  but 
which  in  tropical  countries  gives  an  exceedingly  accurate  Yalue  for  mean  air 
temperature.  Two  separate  observers  at  different  times  found  respectively  56°'3 
and  55°'8.  A  closer  approximation  to  air  temperature  could  hardly  be  expected, 
In  conclusion,  the  climate  of  Quito  is  an  eternal  spring,  and  therefore  equally 
trying  to  the  residents  as  our  own. 
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ON   THE   CLIMATE   OF  SOUTHERN    CALIFORNIA. 

An  Address  delivered  to  the  Royal  Meteorologioal  Society, 
January  17th,  1894. 

By  C.  THEODORE  WILLIAMS,  M,A.,  M.D.,  F.R.C.P. 
Pbesidbnt. 

(Plate  L) 


The  subject  of  this,  my  valedictory  address  from  the  Presidential  chair, 
is  the  Climate  of  Sonthem  California,  which,  thongh  largely  studied  by  the 
Weather  Bureau  of  the  United  States,  is  not  so  well  known  in  England, 
and  perhaps  we  chiefly  derive  our  impressions  of  Califomia  from  what  the 
Americans  caU  *'  the  canningindustry,"  which  floods  our  stores  and  grocers 
shops  with  gaily  coloured  tins  of  preserved  fruits  and  vegetables,  the  produce 
of  that  srumy  and  fertile  land.  .   « 

I  propose,  on  the  present  occasion,  to  give  you  some  account  of  the  climate 
of  this  fftvoured  region,  gleaned  during  a  visit  in  the  autumn  of  1892,  when 
I  investigated  its  present  and  future  resources  from  an  invalid  point  of  view. 
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My  conclasions  are  largely  based  on  the  publications  of  the  Weather  Bureau 
of  the  United  States. 

The  entrance  into  California  from  Utah  and  Nevada  is  a  welcome  event  for 
the  passenger  by  the  Union  Pacific  Express.  After  leaving  Salt  Lake  City, 
the  train  for  long  hours  skirts  the  shores  of  the  great  Salt  Lake,  with  its 
numerous  rocky  islands  rising  hazily  from  its  blue  waters,  and  its  back  ground 
of  snow-capped  mountains,  and  then  it  plunges  into  the  great  American 
desert,  a  vast  tract  of  alkaline  soil  growing  nothing  but  sage  scrub  {artemigia) 
and  inhabited  only  by  Jack  rabbits  and  lizards.  There  is  no  water  save  that 
tainted  by  alkali,  and  before  the  railway  came  many  a  traveller,  man  and 
horse,  perished  there  from  thirst,  leaving  their  bones  to  whiten  on  the  parched 
soil.  The  monotony  of  the  landscape  is  broken  by  the  remarkable  cliff-like 
ranges  of  mountains  in  the  distance,  whose  weird  shapes,  cleft  precipitously, 
assume  the  forms  of  Grecian  temples,  of  columns  and  altars  and  of  towers, 
looking  vivid  and  near  in  that  transparent  atmosphere.  We  traced  out  the 
Propylaeum  and  the  Theseum  of  Athens,  and  once  towards  sunset  a  red  Sunium 
temple  stood  out  boldly  against  the  lemon  sky.  The  railway  stations,  where 
may  be  seen  a  solitary  cowboy  in  picturesque  costume,  or  a  few  Indians  lank 
and  squalid,  but  clothed  in  gay  colours,  are  rare,  and  are  supplied  with  food 
and  water  by  the  passing  trains,  and  during  this  journey  we  rescued  a  goods 
train,  in  difficulties  from  running  short  of  coal,  by  taking  it  on  with  us  to  the 
next  siding. 

After  several  hours  of  this  dreary  waste  one  hails  with  joy  the  entry  into 
the  defiles  of  the  Sierra  Nevada,  and  the  ascent  to  Summit  Station,  the 
highest  point  (7,042  ft.),  and  then  the  descent  by  the  lovely  blue  Donner  lake 
to  the  Pacific  coast.  The  air  at  once  becomes  more  balmy  and  is  laden  with 
fragrant  odour  of  the  conifers,  and  the  eye  wanders  through  vistas  of  densely 
wooded  hills  of  considerable  height,  intersected  with  gorges  and  valleys, 
looking  in  the  distance  blue  and  mysterious ;  and  in  the  depths  could  be  dis- 
cerned a  silver  stream  threading  its  way  to  the  ocean.  The  woods  were  of 
various  kinds  of  fir,  some  of  grand  size,  and,  as  in  all  American  forests,  there 
stand  out  a  number  of  dead  giants,  with  rich  red  trunks,  the  rugged  sentinels  of 
the  Pacific.  Next  we  came  to  fine  oaks  and  cotton  trees,  acacias,  sumachs, 
and  maples,  all,  as  it  was  November,  in  their  brilliant  autumn  colouring,  the 
prevailing  hue  being  yellow  here,  in  contrast  to  the  vivid  red  we  had  left 
behind  in  the  Eastern  States.  The  little  shanty  cities  began  to  lose  their 
barrenness,  balconies  wreathed  with  plumbago  and  bright  with  roses  and 
scarlet  geraniums  told  of  the  south,  and  we  soon  reached  vineyards  with 
grapes  and  figs  to  sell  at  the  more  frequent  stopping  places,  and  so  on  past 
Sacramento,  over  the  broad  Oakland  Ferry  to  San  Francisco  and  the  Golden 
Gates. 

Some  days  later,  after  leaving  San  Francisco  at  5.80  p.m.,  we  next  morn- 
ing found  ourselves  passing  through  the  Mojave  Desert,  a  large  tract  of 
country  destitute  of  water,  and  at  present  growing  only  sage  scrub,  cactus, 
aloe,  and  that  extraordinary  tree  the  yucca  pahn — a  species  of  gigantic 
yucca,  which  attains  a  height  of  20  to  40  ft.,  and  stretches  ^nt  its  gaunt 
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irregTiIar  arms  like  a  ghostly  arauearia.  It  appears  to  be  the  characteristic 
tree  of  the  arid  regions,  as  we  found  it  also  in  the  Colorado  Desert  and  in 
Arizona.  This  Mojave  Desert  is  not  of  sand,  bat  the  soil  is  detritus  of 
granite,  rich  in  felspar  and  mineral  phosphates,  and  it  only  needs  a  good 
supply  of  water  to  render  it  fertile,  for  parts,  such  as  Antelope  Valley,  have 
abready  been  converted  into  com  fields  by  irrigation. 

Penetrating  the  Tehachapi  Mountains,  we  emerged  into  the  rich  and  fertile 
district  of  Southern  California,  and  soon  reached  its  capital,  Los  Angeles. 

And  now  let  me  say  a  few  words  about  the  topography  of  the  region. 

California,  as  will  be  seen  in  any  map  of  the  United  States,  is  a  narrow 
strip  of  territory  fringing  the  Pacific  for  nearly  1,000  miles,  and  extending 
over  10°  of  latitude,  from  82°  80'  to  42°  N. 

Two  ranges  of  mountains  traverse  the  State  from  north-west  to  south- 
east, the  western  or  coast  range  consisting  of  a  series  of  low  mountains  run- 
ning more  or  less  parallel  to  the  shore,  and  intersected  by  numerous  valleys. 
The  eastern  range,  the  lofty  chain  of  the  Sierra  Nevada,  rises  to  over  18,000  ft., 
and  is  snow  clad  in  parts,  presenting  almost  an  unbroken  barrier  to  the  east, 
for,  according  to  Dr.  Orme,  of  Los  Angeles,  **  for  nearly  a  thousand  miles 
there  is  no  pass  lower  than  5,000  ft.  in  height  save  where  the  Sacramento, 
Klamath,  and  Columbia  Bivers  have  worn  deep  gorges  through  its  rocky 
fastnesses." 

Towards  the  south  of  the  State  the  Tehachapi  Mountains  rise  out  of  the  St. 
Joaquin  Plain  and  running  east  and  west  join  the  Coast  and  Sierra  Nevada 
ranges,  and  south  of  this  chain  lies  the  territory  of  South  California.  This, 
as  the  map  shows,  forms  an  irregular  parallelogram  lying  between  82°'d0'  and 
85°*40'  N  lat.,  bounded  on  the  east  by  the  States  of  Nevada  and  Arizona, 
being  separated  from  the  last  by  the  River  Colorado  after  it  has  emerged  from 
the  grand  Canon  and  is  on  its  way  to  the  Quif  of  California ;  on  the  south 
by  New  Mexico  ;  on  the  north  by  the  Tehachapi  Mountains  ;  and  on  the  west 
by  the  Pacific.  There  is  an  irregular  coast  line  sloping  towards  the  south- 
east of  about  880  miles,  though  the  length  of  this  district  in  a  bee  line  is  280 
miles.     Its  breadth  is  880  miles. 

From  the  Coast  and  Sierra  Nevada  chains  run  sundry  lesser  ranges, 
chiefly  east  and  west,  such  as  the  Santa  Ynes,  the  Sierra  Pelona,  the  San 
Gabriel,  and  the  San  Bernardino,  which  rises  in  Old  Grayback,  to  a  height 
of  11,725  ft. 

Southern  California  is  divided  into  six  counties,  which  starting  from  the 
north,  are  Santa  Barbara,  Ventura,  Los  Angeles,  San  Bernardino,  Riverside, 
acd  San  Diego,  the  most  southerly. 

The  mountain  shelter  from  the  north  and  east  may  be  described  as  tolerably 
complete,  and  the  protected  area  consists  of  (1)  valleys,  chiefly  running  into 
the  coast  range  from  the  sea,  and  rising  to  various  elevations,  such  as  the 
fertile  San  Fernando  and  San  Gabriel  Valleys,  or  else  (2)  more  or  less  extensive 
plains,  as  those  of  Santa  Ana  and  San  Jacinto. 

Southern  California  may  be  subdivided  into  two  portions,  eastern  and 
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western,  hy  the  Sierra  Nevada  and  its  spurs,  the  San  Gabriel  and  San 
Bernardino  monntains. 

The  eastern  portion  consists  of  an  arid  region,  called  the  Mojave  and 
Colorado  deserts,  separated  from  each  other  by  a  low  ridge  of  hills.  This 
forms  part  of  the  ^eat  Basin,  and  the  few  streams  which  flow  from  the 
eastern  side  of  the  Sierra  Nevada  enter  the  Colorado  river  or  lose  themselves 
in  the  sink  of  the  desert — most  of  the  drainage  flows  to  the  Pacific. 

The  greater  part  of  this  desert  tract,  stands  from  1^000  to  8,000  ft.  above 
sea  level,  but  there  exist  some  great  depressions,  such  as  the  Death  Valley  and 
the  Sink  of  San  Felipe,  which  are  more  than  100  ft.  below  the  sea  level  and 
are  supposed  to  have  at  one  time  formed  part  of  the  Gulf  of  California,  but  to 
have  been  separated  from  it  later  by  a  geological  upheaval. 

I  do  not  propose  to  dwell  much  on  the  climate  of  the  eastern  portion  of 
South  California,  but  shall  occasionally  use  it  as  a  contrast  to  the  climate  of 
the  western  portion,  and  to  demonstrate,  how  in  the  same  latitude,  and  t'O  a 
great  extent  with  the  same  geological  formations,  the  important  conditions  of 
ocean  currents  and  shelter  from  cold  winds,  with  a  good  supply  of  water,  will 
convert  a  desert  into  a  fruitful  garden. 

The  climate  of  the  eastern  region  is  very  dry,  very  hot  in  summer,  and 
moderate  in  winter,  and  may  be  judged  of  by  the  returns  of  Fort  Yuma  at 
the  extreme  south  of  the  Colorado  Desert,  where  the  mean  temperature  of 
the  months  of  June,  July,  and  August  was  87^*1,  and  that  of  December, 
January,  and  February  54^*8.  The  average  annual  rainfall  is  2*1  ins. 
At  four  stations  in  the  Mojave  Desert,  Camp  Cady,  Barstow,  Dogget  and 
Fenney,  the  same  state  of  things  prevailed,  the  annual  rainfall  varying  from  1 
to  2  ins.,  and  the  summer  heat  being  extreme ;  but  this  reaches  its  climax  in 
the  Death  Valley,  situate  175  ft.  below  sea  level,  where  both  heat  and  aridity 
are  increased  by  the  valley  being  narrow  and  deep,  and  enclosed  by  high  and 
bare  mountains.  This  has  been  reported  to  be  the  hottest  place  in  the  world. 
The  valley  derives  its  name  from  an  unfortunate  party  of  emigrants  who  in 
1850  perished  from  thirst  while  attempting  to  cross  it.  It  is  75  miles  long 
and  from  12  to  20  miles  broad,  and  has  been  surveyed  by  various  expeditions 
of  the  U.S.  Government,  and  in  1891  a  party  encamped  in  the  valley  from 
May  to  September  to  study  the  summer  conditions,  and  a  report  was  issued 
by  Prof.  Mark  W.  Harrington,  the  present  head  of  the  Weather  Bureau. 

The  temperature  during  the  five  months  rarely  fell  below  70^  and  gave  an 
average  of  94^.  It  occasionally  rose  to  122°  in  the  shade,  and  it  has  been 
stated  by  Mr.  Spears  to  have  once  reached  187°.  It  is  not  only  hot  in 
summer,  but  consistently  hot,  and  the  heat  is  increased  by  burning  blasts 
from  the  desert,  'i  he  air  was  not  stagnant,  but  in  active  motion.  Heat 
aud  movement  of  the  air  together  make  the  valley  very  dry  and  the  relative 
humidity  low.  The  range  of  temperature  is  nevertheless  considerable, 
amounting  to  28°.  Men  are  reported  to  have  been  driven  insane  while 
trying  to  cross  the  valley,  and  a  borax  collector  (there  are  large  deposits  of 
that  product  there)  died  suddenly  with  the  water  canteen  in  his  hand.  No 
men  or  beasts  cross  the  valley  noW|  save  at  night;  and  meat  slaughtered 
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at  night  and  cooked  is  spoilt  in  the  morning;  hat  if  cut  thin  and  soaked  in 
brine  it  is  cured  in  the  sun  in  one  hour.  The  maximum  is  higher  than  any 
figures  noted  in  the  Sahara,  and  is  only  equalled  by  the  values  for  one 
station  in  India,  Jaeobabad  in  the  Punjab. 

The  climate  of  the  weatem  portion  of  South  California  has  three  im- 
portant factors. 

1.  Its  southern  latitude,  which  corresponds  to  that  of  the  Empire  of 
Morocco  or  of  the  French  Province  of  Algiers  in  Africa. 

2.  The  influence  of  the  Pacific  Ocean,  and  especially  of  the  Euro  Siwo 
current,  or  Black  Stream  of  the  Japanese  Seas.  This  current  exercises  the 
same  warming  and  equalising  influence  on  the  Pacific  coast  of  North 
America,  as  the  Gulf  Stream  does  on  our  western  coasts  and  those  of 
Norway,  and,  as  Mr.  Scott  says,  *^  it  is  to  this  stream  that  Sitka  and  the 
coasts  of  British  Columbia  owe  their  immunity  from  the  ice  which  besets 
the  shores  of  Asia  in  corresponding  latitudes."  A  glance  at  any  map  of 
isotherms  will  show  the  effect  of  this  current  on  the  isothermal  lines  of  North 
America  in  January  uid  July,  in  the  former  case  raising  the  temperature  of 
the  Pacific  shores  far  above  that  of  inland  regions,  and  in  July  moderating 
the  summer  heat,  and  thus  reducing  the  temperature.  Very  markedly  so  is 
this  influence  felt  in  the  western  part  of  Southern  California,  which  at  no 
point  lies  more  than  60  miles  from  the  Pacific  and  is  largely  open  to  its 
influence.  The  temperature  of  the  water  of  the  Pacific  rarely  falls  below 
60°,  or  rises  above  70°. 

8.  The  influence  of  mountain  ranges.  One  effect  is  undoubtedly 
protection  from  Northerly  and  Easterly  blasts  which  the  double  range  of 
mountains  renders  very  complete.  The  other  effect  is  the  condensation  of 
moisture  from  the  vapour-laden  winds  blowing  from  the  Pacific.  This  ac- 
counts for  the  increased  rainfall  of  this  region,  though  this  is  less  than  that 
of  Northern  California.  The  existence  of  the  Mojave  and  Colorado  deserts 
may  be  due  to  their  lying,  like  the  American  desert,  to  the  leeward  of  the 
mountains,  and  thus  being  shut  off  from  the  influence  of  moist  winds. 

We  may  now  consider  the  principal  features  of  the  climate  of  this  region. 

According  to  Dr.  Orme,  to  whom  I  am  largely  indebted  for  information, 
both  from  his  works  and  his  conversations  with  me,  the  rainfall  is  about 
16  ins.  a  year,  the  annual  amount  varying  greatly  as  to  year  and  locality, 
and  contrasting  strongly  with  that  of  the  eastern  basin,  noted  at  Fort  Tuma, 
as  the  subjoined  table  will  show.^ 

Annual  Rainfall. 

Inn. 
Santa  Barbara,  northern  coast  ...  ...    '        ...     16*92 

Los  Angeles,  16  miles  inland  ...  ...  ...     ]7'96 

San  Bernardino,  60  miles  inland        ...  ...  ...     16*86 

Fort  Yuma,  Colorado  Desert  ..•  ...  ...       2-io 

>  Oxtne,    CUmaU  af  SoiUhem  CaUfonda. 
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The  distribution  of  the  rainfall  durmg  the  decade  from  1881-1890^  for 
three  stations,  Los  Angeles  (inland),  Son  Diego  (coast),  and  Riverside 
(60  miles  inland)  show  great  irregularity,  but  altogether  a  moderate  amount. 


Years. 

Lob 

San 

River- 

Angeles. 

Diego. 

side. 

Ins. 

Ins. 

Ins. 

i88x 

553 

500 

3-95 

1882 

1074 

9-24 

578 

1883 

14-14 

8-OI 

5-58 

1884 

4039 

26-95 

25-32 

1885 

io'69 

57« 

515 

1886 

17*22 

15-39 

8-02 

1887 

i6'07 

10-72 

7-81 

1888 

21-04 

11-57 

15-48 

1889 

33-31 

16-03 

20-41 

1890 

12-49 

8-2 

"•53 

Mean'     1816 

11*62 

10*90 

The  mean  relative  humidity  on  the  coast  varies  from  69  to  75  per  cent,  in 
the  winter  months,  and  from  60  to  68  per  cent,  in  the  summer.  The  annual 
mean  percentage  (11  years)  for  Ban  Diego  (coast)  is  74*7,  that  for  Los 
Angeles  (inland)  69  per  cent.,  while  in  summer  it  falls  at  Fort  Yuma  to 
85  per  cent. 

The  rainfall  is  distributed  over  the  months  of  October  to  April,  and  in 
January  there  may  be  as  many  as  five  rainy  days  successively.  Los  Angeles 
counts  about  42  days  in  which  an  appreciable  amount  of  rain  falls,  and  San 
Diego  41  days.  Riverside  40  days.  The  sun  shines  on  an  average  on  800  days 
out  of  the  year,  and  for  179  days  without  a  cloud,  but  there  are  47  cloudy 
days,  and  on  the  so-called  fair  days  fogs  and  mists  are  occasionally  noted  ; 
indeed  a  bad  feature  of  this  climate  are  the  mists  which  come  up  suddenly 
from  the  Pacific  and  envelope  everything  in  a  cold  damp  atmosphere.  One 
hot  sunshiny  day  I  was  standing  in  the  Lake  Park  of  Los  Angeles,  looking 
at  the  fine  view  of  the  Sierra  Madre  Mountains,  when  suddenly  I  was 
enveloped  in  a  thick  cold  mist,  which  shrouded  the  whole  scene  and  made  me 
shiver.  Two  days  later  at  Santa  Barbara  the  phenomenon  was  repeated. 
It  was  a  blazing  hot  day,  and  we  were  inspecting  Santa  Barbara  from  the 
train,  or  cars  as  they  say  in  America,  when  suddenly  a  chilly  feeling  came 
over  us  and  Santa  Barbara  disappeared  in  fog.  This  only  lasted  for  a  few 
minutes,  the  sea-mist  as  it  passed  moving  further  inland.  These  mists  do  not 
appear  to  deposit  much  moisture,  but  are  bitterly  cold.  They  always  come 
from  the  Pacific,  but  are  stated  to  be  limited  to  the  lower  ground,  and  never 
to  rise  above  1,000  fb. 

The  mild  temperature  and  the  relative  equabiLity  of  Southern  California  are 
its  great  attraction,  and  its  climate  has  been  spoken  of  as  one  of  perpetual 
spring,  but  the  figures,  and  certainly  my  impressions  in  November,  rather 
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indicate  a  climate  of  perpetnal  sammer.  The  mean  temperature  of  Los 
Angeles  and  Riverside  for  1890  was  68°,  for  Son  Diego  62°-6,  and  for  Santa 
Barbara  60°-2. 

The  monthly  means  for  11  years  at  Los  Angeles,  San  Diego  and  Santa 
Barbara  are  given  below  and  show  remarkable  equability. 
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January.. 
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The  highest  temperature  recorded  at  Los  Angeles  was  105^,  and  the  lowest 
28^,  but  at  San  Diego  the  corresponding  figures  were  101^  and  82^,  a  differ* 
ence  due  possibly  to  its  situation  on  the  coast. 

Frost  is  of  very  rare  occurrence,  except  on  some  of  the  low  lying  marshy 
grounds,  or  again  high  up  on  the  mountain  slopes.  Indeed  with  the  multitude 
of  subtropical  crops,  the  effects  of  frost  are  soon  visible  and  fearfully  destruc- 
tive,  as  has  been  seen,  though  fortunately  seldom  at  Riverside,  The  heat  in 
summer  is  occasionally  great,  but  not  excessive  as  in  the  neighbouring 
desert ;  and  beyond  "  camping  out,"  which  is  a  great  delight  to  Califomians, 
many  never  go  to  any  distance  from  their  homes. 

At  Fort  Yuma,  our  standard  of  comparison,  during  the  year  1880  the 
temperature  exceeded  100^  for  78  days,  on  28  of  these  the  mercury  rose  to 
110^  and  higher. 

As  I  have  before  said  these  temperatures  are  well  borne  in  the  exceedingly 
dry  atmosphere  and  work  is  carried  on  as  usual ;  sunstroke  is  unknown. 

While  the  difference  between  monthly  means  is  small,  there  is  occasionally 
considerable  range  between  the  maxima  and  minima,  as  in  1890,  when  the 
range  was  71^  at  Los  Angeles,  68°  at  San  Diego,  and  64^*5  at  Santa  Barbara. 

The  winds  according  to  Dr.  Orme  during  the  summer  have  the  prevailing 
directions  from  the  North  and  North-west,  and  in  winter  from  the  South  and 
South-west,  and  are  generally  of  a  refreshing  character,  but  taken  as  a  whole 
the  winds  are  Westerly. 

There  are  certain  local  winds,  and  among  them  the  Norther,  Ohinook,  or 
Santa  Ana  as  it  is  called  in  Southern  Oalifomia,  a  remarkably  dry  current 
generally  local  in  its  prevalence,  but  occasionally  making  itself  felt  over  large 
districts.    While  it  blows  the  aur  becomes  highly  electrified,  horses  tails  stand 
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out  like  thick  bushes,  the  hair  craekles  when  stroked,  and  metallic  objects 
daly  insulated  give  forth  electric  sparks  if  a  conductor  is  brought  near. 
Nevertheless  the  Santa  Ana  wind  is  reported  to  be  followed  by  a  specially 
pure  and  invigorating  atmosphere. 

It  will  be  seen  that  the  cKmate  of  South  California  is  a  warm,  temperate, 
and  on  the  whole  an  equable  one,  with  more  moisture  than  that  of  Colorado, 
the  subject  of  my  last  year's  address,  and  a  climate  which  would  allow  of 
much  out-door  life  all  the  year  round. 

We  will  next  consider  its  effect  on  vegetation  and  take  a  glance  at  the 
results  of  diligent  watering  and  gardening  in  this  beautiful  region. 

Our  first  excursion  from  Los  Angeles  was  to  Santa  Barbara  on  the  coast, 
at  the  northern  extremity  of  South  California,  though  with  a  due  southerly 
aspect.  After  4^  hours  by  rail  through  a  rich  plain  in  which  oranges,  figs, 
plums,  and  grapes  are  produced  in  great  abundance,  we  came  to  the  Pacific  at 
Ventura  and  ran  along  it  into  Santa  Barbara,  a  flourishing  little  town  of  6,000 
inhabitants,  embosomed  in  orange  and  lemon  groves  backed  by  hills  covered 
with  vineyards,  and  protected  to  the  north  and  east  by  the  Santa  Ynes  range. 

The  vineyards  of  Santa  Barbara  are  of  comparatively  ancient  date,  as  they 
were  planted  by  the  Franciscan  monks,  who  introduced  the  culture  of  the 
vine  and  of  the  olive  in  1769,  and  did  much  to  civilise  and  christianise  the 
native  Indians.  The  Spanish  Fathers  established  missions  at  Santa  Barbara, 
Santa  Monica,  San  Diego,  San  Gabriel,  and  other  places,  erected  graceful 
churches  and  conventual  buildings,  and  fortunately  named  the  places  in  which 
they  settled  in  the  beautiful  Spanish  language,  and  thus  stamped  the  country 
with  a  picturesqueness  which  the  modem  American  could  not  have  supplied. 
Their  buildings,  made  of  the  baked  clay  or  adobe  of  the  neighbourhood,  are 
'  always  simple  and  in  good  taste,  and  show  how  much  beauty  of  form  can  be 
obtained  with  poor  material,  while  the  ruins,  clothed  with  the  semi-tropical 
luxuriance  of  nature,  delight  the  eye. 

Santa  Barbara  has  a  port  with  a  wooden  pier,  and  has  abundance  of  street 
cars,  electric  and  others,  and  some  fair  hotels,  besides  plenty  of  villas  in 
gardens,  and  ranches  in  the  neighbourhood  which  are  the  best  places  for 
invalids.  It  is  a  famous  place  for  flowers,  and  a  floral  festival  is  held  in  April, 
when  there  are  processions  of  flower-bedecked  carriages  and  cars  like  the 
bataUle  desfleurt  at  Cannes  and  Nice.  The  roses  grow  in  great  profusion, 
uid  the  arum,  called  by  the  Californians  the  calla  lily,  is  largely  cultivated 
and  the  bulbs  exported  for  the  eastern  market.  It  would  be  impossible  for 
me  to  go  into  the  subject  of  floriculture,  but  the  land  is  apparently  able  to 
produce  any  flowers,  though  as  fruit  is  so  profitable,  this  department  is  at 
present  kept  in  the  background. 

Along  the  coast  we  come  to  Santa  Monica  and  San  Pedro,  both  centres  of 
rich  luxuriance  of  vegetation,  and  gay  little  Bedondo  Beach,  and  then  by  the 
surf  line  we  reach  Ocean  Side,  another  modem  sea-side  place.  Near  this 
spot  I  witnessed  the  most  gorgeous  sunset  I  have  ever  beheld.  I  have  seen 
beautiful  sunsets  in  Italy,  Sicily,  Greece  and  Spain.  I  have  seen  northern 
ones  of  ^esA  splendour,  but  anything  to  equal  this  Faoific  one  I  do  not 
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remember.  The  siin  sank  into  a  deep  green  ocean  lit  np  with  golden  light, 
which  imparted  a  remarkable  transparency,  as  of  liqnid  flame.  Above  was  a 
sky  red  as  a  fomace,  out  of  which  rose  like  incandescent  masses  the 
picturesque  islands  of  Santa  Oatalina  and  San  Clemente.  The  red  gradually 
fiided  into  the  usual  pearly  sunset  tints,  but  the  ocean  retained  for  a  con- 
siderable period  its  wonderful  green  hue.  The  weather  was  fine  and  warm, 
8d°  to  84^  in  the  shade,  and  there  had  been  no  rain  for  months. 

The  next  place  of  importance,  with  ita  magnificent  harbour,  is  San  Diego, 
the  second  port  of  California,  situated  close  to  the  frontier  and  within  full 
view  of  the  Mexican  mountains,  which  at  Goronado  are  only  12  miles  distant. 

San  Diego  was  the  first  mission  of  the  Franciscan  Fathers,  and  is  now  a 
flourishing  town  of  16,000  inhabitants  of  the  usual  American  type.  San 
Diego  County,  probably  because  of  its  southern  position,  has  been  found  to  be 
specially  suitable  for  the  growth  of  the  lemon,  and  in  addition  to  the  lemon 
groves  now  established,  it  is  proposed  to  bring,  by  means  of  irrigation,  150,000 
acres  of  "  frostless  '*  ground  into  cultivation  for  this  tree,  by  means  of 
gigantic  dams,  such  as  the  Hemet,  Sweetwater  and  others.  The  San  Diegians 
calculate  on  being  able  to  irrigate  250,000  acres  in  time.  However,  my 
object  was  less  to  see  San  Diego  itself  than  Coronado  Beach  and  its  famous 
hotel.  This  we  reached  by  crossing  the  harbour  to  the  narrow  spit  of  sandy 
land  which  separates  it  from  the  ocean.  We  landed  from  our  steam  ferry 
and  were  taken  to  the  hotel  by  a  steam  tram  through  a  garden  abounding  in 
exotics,  and,  curious  contrast  in  this  frequented  spot,  there  was  plenty  of  wild 
life,  for  outside  the  botanical  garden,  as  it  is  called,  are  numerous  Jack  rabbits 
and  cotton  tails  (ordinary  rabbits),  while  on  the  shore  shooting  of  canvas- 
backed  ducks  was  going  on. 

The  hotel  is  built  in  irregular  lines,  and  stands  at  a  short  distance  from 
ihh  beach,  commanding  fine  views'  in  all  directions  to  Point  Loma  and  to  the 
town  and  harbour  of  San  Diego,  backed  by  the  San  Jacinto  and  San 
Bernardino  ranges,  and  the  Mexican  Table  Mountain.  There  is  a  fine  ex- 
panse of  the  Pacific,  rising  out  of  which  are  the  small  Coronado  Islands 
which  belong  to  Mexico. 

The  hotel  is  a  picturesque  building  which  covers  7  acres  and  is  entirely 
built  of  wood.  It  contains  1,200  beds  and  a  considerable  number  of  public  and 
private  sitting  rooms,  and  is  surrounded  by  terraces  both  open  and  covered  ; 
there  is  also  a  large  quadrangle  sheltered  from  all  wind  but  open  to  the  sun 
and  planted  as  a  garden.  Here  grow  many  beautiful  exotics,  the  guava  tree, 
the  scarlet  hibiscus,  the  rosa  sinensis,  the  stephanotis,  the  loquat  or  Japanese 
medlar,  and  ihe  persimmon ;  many  varieties  of  palms,  such  as  the  Seaforthia, 
which  we  admire  in  the  large  hothouse  at  Eew,  the  coco  plumosa,  the  Wash- 
ingtonia  philaferia,  the  Eentia,  and  the  oreodoxa  or  Royal  palm.  The 
BougainviUea,  as  ever3nvhere  in  South  California,  covers  the  walls  with 
gorgeous  sheets  of  colour,  and  the  heliotrope  scents  the  air.  Lastly,  the 
scarlet  poinsettias  attain  to  the  size  of  trees,  and  reminded  me  of  those  I 
had  seen  growing  in  the  Latomia  of  Syracuse  in  Sicily. 

Coronado  Bench  has  ^obd  salt  bathg,  and  from  what  Dr.  BapbaelLorini, 
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the  resident  medical  man,  told  me  it  is  largely  patronised  in  the  winter  by 
people  from  the  Eastern  States,  especially  Bostonians,  who  suffer  from  the 
exhaustion  of  city  life.  The  temperatnre,  even  in  the  middle  of  November, 
was  here,  as  generally  during  my  sojomn  in  South  Oalifomia,  88°  to  84°  in 
the  shade  for  the  midday  hours,  and  the  evenings  cool  and  refreshing,  the 
air  dry  and  clear. 

Among  the  attractions  of  Coronado  is  an  ostrich  farm,  similar  to  those  at 
Santa  Monica  and  Santa  Barbara.  The  birds  are  often  vicious  and  have 
kicked  some  of  their  attendants  to  death,  but  the  experiment  of  ostrich 
breeding  is  interesting  and  promises  to  succeed. 

The  whole  inland  district  from  the  Pacific  Coast  to  the  San  Gabriel  and 
San  Bernardino  mountains,  and  far  up  the  slopes  of  these  ranges,  is  cultivated 
and  for  the  most  part  irrigated,  as  we  saw  on-  our  return  to  Los  Angeles 
from  Ooronado  Beach.  The  principal  inland  towns  in  addition  to  the  capital 
are  Santa  Ana,  Colton,  Riverside,  Pomona,  San  Bernardino,  all  prosperous 
centres  of  fruit,  flower  and  vegetable  growth,  and  with  plenty  of  railway 
communication,  for  no  less  than  ten  lines  radiate  from  Los  Angeles  in  all 
directions.  Los  Angeles  is  a  well-built  city  of  some  60,000  inhabitants  and 
stands  about  800  feet  above  sea  level,  commanding  a  fine  view  of  the  Sierra 
Madre  mountains. 

The  charms  of  the  place  are  its  numerous  parks  or  public  gardens  tastefrilly 
laid  out  with  palms,  pepper  trees,  magnolias  and  other  beautifril  trees  and 
shrubs,  as  well  as  with  gay  flower  beds.  The  streets  are  chiefly  paved  with 
asphalt  and  of  course  pervaded  by  the  'eternal  cable  and  electric  cars,  the 
houses  are  handsome  and  many  are  surrounded  with  gardens,  so  that  the 
effect  is  pleasing.  Having  already  sketched  the  chief  features  of  the  climate 
I  shall  only  add  that  the  hotel  accommodation  at  Los  Angeles  is  fairly  good 
and  that  there  is  an  interesting  and  instructive  museum  of  all  the  productions 
of  South  California,  vegetable  and  mineral. 

The  desirable  winter  residence  is  Pasadena,  8  miles  to  the  north  of  Los 
Angeles  in  the  San  Gabriel  valley,  on  the  slopes  of  the  Sierra  Madre  and  in 
the  midst  of  orange  groves,  with  magnificent  avenues  of  pepper  trees  and 
specially  well  tended  gardens.  This  small  town  of  12,000  inhabitants, 
dOO  ft.  above  sea  level,  will  be  shortly  connected  by  a  log  wheel  railway  with 
the  summit  of  Mount  Lowe,  7,000  ft.,  one  of  the  Sierra  Madre  heights, 
which  is  snow  capped  in  winter;  and  thus  the  Califomians  will  be  able  to 
tramp  through  the  snow  on  Mount  Lowe  and  after  80  minutes  railway  descent 
to  pick  roses  at  Pasadena. 

The  view  from  the  Raymond  Hotel  is  extensive  and  beautiful ;  one  gazes 
over  a  vast  garden  bordered  by  the  Pacific,  of  which  a  glimpse  is  obtained  at 
San  Pedro,  to  the  north  rise  the  Sierra  Madre  and  behind  these  Old  Baldy, 
one  of  the  San  Bernardino  range,  rising  to  10,142  ft.  and  tipped  with  eternal 
snow. 

We  contemplate  a  wonderful  mass  of  luxuriance  at  our  feet,  orange  and 
lemon  trees,  the  older  ones  larger  than  those  of  Southern  Europe,  loquats, 
Japanese  persimmonSi  loaded  with  ripe  fruit,  olives  and  palms,  as  well  as  the 
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ever  present  eucalyptus,  mingled  with  cherries,  apricots,  peach,  and  nectarine 
standards,  and  then  to  think  that  20  years  ago  all  this  was  a  sheep  pasture 
with  a  lonely  ranch  which  irrigation,  in  this  fine  climate  has  converted  into 
a  Garden  of  Eden. 

Further  east  on  the  slopes  of  the  same  range  lies  a  charming  hotel  called 
the  Villa  Sierra  Madre,  embosomed  in  olives  and  oranges,  1,800  ft.  above  sea 
level,  with  100  beds  and  all  arrangements  for  invalid  residence.  Here  I  was 
hospitably  entertained  by  my  friend  and  patient  Dr.  Gresham,  late  of  Brom- 
ley, and  spent  an  agreeable  day  in  exploring  the  district.  From  thence  to 
the  San  Bernardino  Pass  is  a  series  of  gardens  which  flourish  apparently  in 
proportion  to  the  amount  of  irrigation.  This  is  carried  on  either  by 
leats,  t.tf.  by  conducting  mountain  streams  in  channels  or  by  tunnelling  into 
the  mountains  for  water,  or,  in  the  lower  grounds,  by  sinking  artesian  wells. 

It  is  remarkable  that  in  this  warm  climate  that  with  so  much  water  arti- 
ficially spread  over  the  land,  there  appear  to  be  no  malarial  fevers. 

Riverside  (population  4,688)  lies  in  the  plain,  away  from  the  mountains,  and 
has  the  reputation  of  being  the  best  irrigated  and  cultivated  tract  of  the 
whole  r^on.  The  yield  in  oranges  in  1890  was  858,841  boxes,  the  varieties 
groMrn  being  chiefly  the  Australian  navel  orange  and  the  seedless  Washing- 
tons.  Vines  are  grown  for  raisins  ;  raisin  exportation  appears  to  be  more 
profitable  here,  wine  is  made  in  other  parts  of  South  California.  Riverside 
possesses  its  famous  magnolia  avenue  12  miles  long  and  125  ft.  wide,  lined 
with  exotics,  with  the  orange  groves  on  each  side. 

Besides  the  fruits  ahready  mentioned,  Southern  California  produces  such  sub- 
tropical ones  as  the  cherimoyer  or  custard  apple,  the  pineapple,  the  banana, 
and  among  our  English  fruits  strawberries  all  the  year  round,  raspberries, 
blackberries,  currants,  mulberries,  quinces,  apples,  pears,  cherries,  and  figs, 
the  only  difierence  being  that  the  seasons  of  most  fruits  are  longer  there  than 
here.     Pumpkins  and  melons  of  all  kinds  abound. 

Wheat  yields  an  abundant  crop,  and  has  averaged  on  some  large  ranches 
a  harvest  of  1  ton  to  the  acre,  but  1,800  lbs.  is  considered  a  satisfactory 
yield.  Barley  also  is  largely  grown  in  the  southern  part  of  the  State,  and 
more  than  a  million  sacks  are  produced  yearly.  This  and  wheat  are  grown 
without  irrigation. 

Alfidfa,  or  lucerne,  generally  requires  artificial  water  supply,  but  with 
this  will  give  from  8  to  6  crops  a  year,  with  an  average  of  1  to  2  tons  to  the 
acre  for  each  crop. 

In  Ventura  County  beans  are  the  staple  commodity,  and  elsewhere,  beet 
is  cultivated  and  sugar  made  from  it. 

Lastly,  another  large  branch  cf  industry  are  the  bee  farms,  the  product 
of  which  we  see  in  the  Califomian  honey,  the  special  flavour  being  duo  to 
the  bees  feeding  on  white  sage. 

So  much  for  the  effect  of  the  climate  on  vegetation, 

Man  appears  very  healthy  and  happy.  The  death  rate  of  Los  Angeles  is 
12  per  1,000,  a  very  low  one,  though  it  contains  a  large  proportion  of 
deattiB  from  eonsump tion,  owaoig  to  thcf  nmnber  of  invalids  who  flock  to  this 
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country.  I  haye  known  several  who  have  done  well;  hat  to  attain  satis- 
factory results  patients  must  not  visit  it  for  a  winter  and  then  return 
eastward,  hut  should  make  it  their  home,  and  if  possihle  take  to  some  occu- 
pation involving  an  open  air  life,  like  gardening  or  fruit  farming,  returning 
to  less  complex  conditions  than  those  of  city  life.  Many  who  have  done  so 
have  greatly  prospered  in  health  and  pocket. 

In  conclusion,  the  climate  of  Southern  California  seems  to  he  character- 
ised hy 

1.  A  warm  sunny  atmosphere  all  the  year  round,  permitting  much  out- 
door life  and  camping  out  in  summer. 

2.  Remarkahle  equability  of  temperature,  daily,  monthly,  and  annual. 
8.     Abundance  of  sunshine  at  all  seasons  of  the  year. 

4.  A  moderate  rainfall  and  a  small  number  of  rainy  days,  occurring 
chiefly  in  winter  and  spring. 

5.  A  fair  relative  humidity  percentage,  evenly  distributed  over  the  whole 
year. 

6.  The  prevalence  of  fog,  or  sea  mist,  from  time  to  time  rolling  in  from 
the  Pacific  Ocean,  but  not  reaching  the  higher  lands. 

7.  A  porous  soil,  which  when  supplied  with  abundant  water  by  American 
energy,  seems  capable  of  producing  extraordinary  crops  of  grains,  fruit,  and 
vegetables. 


REPORT    OF    THE    COUNCIL 

FOE  THE  YEAR  1893. 

In  presenting  their  Report,  the  Council  have  to  congratulate  the  Society 
on  its  steady  and  uninterrupted  progress  during  the  past  year.  There  is  an 
increase  in  the  number  of  Fellows  elected  over  the  number  elected  in  1892, 
and  the  balance  at  the  Society's  Bankers  at  the  end  of  the  year  is  larger  than 
the  balance  brought  forward  from  1892. 

The  Council  feel  that  the  Society  will  regret  the  numerous  losses  by  death 
sustamed  during  the  year,  and  particularly  those  of  Lord  Ebnry,  Thomas 
Hawksley,  William  John  Harris,  George  Matthews  Whipple,  and  Henry 
Francis  Blanford. 

The  death  of  Lord  Ebury,  on  November  18th,  removes  one  of  the  small 
band,  still  remaining,  of  those  who  took  part  in  promoting  the  foundation 
of  the  British  Meteorological  Society.  Lord  Ebury,  then  Lord  Robert 
Qrosvenor,  was,  in  1888,  a  Member  of  the  Council  of  the  original  Meteo- 
rological Society  of  London.  At  the  Anniversary  Meeting  of  March  12th, 
1889,  he  was  elected  its  President,  and  continued  to  hold  that  office  until 
the  Society  was  dissolved,  on  August  14th,  1850.  The  British  (now  the 
£oyal)  Meteorological  Society  was  founded  on  April  8rd,  1860,  and  Lord 
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Ebuiy  joined  it  on  May  7th  following.  He  was  then  elected  one  of  its  Yioe- 
PresidentSy  a  position  whioh  he  occupied  until  May  27th,  1856.  From  this 
date  he  occasionally  attended  its  meetings,  and  ever  showed  an  interest  in  its 
wel&re. 

The  late  Thomas  Hawksley,  F.B.S.,  Past  President  of  the  Institution  of 
Civil  Engineers/joined  the  Society  on  January  22nd,  1856,  and  during  his 
long  career  as  one  of  the  most  distinguished  Civil  Engineers  was  always  a 
keen  supporter  of  the  science  of  Meteorology. 

The  late  William  John  Harris,  M.B.C.S.,  of  Worthing,  joined  the  Society 
on  November  20th,  1867,  and  served  on  the  Council  for  1875.  He  will  be 
chiefly  remembered  as  being  the  Society's  observer  at  Worthing,  where  he 
conmienced  his  records  in  1867,  and  continued  them  till  his  death  on  August 
28th,  1898,  a  period  of  over  26  years.  These  observations,  through  the 
great  courtesy  of  Mrs.  Harris,  are  now  being  continued  by  Mr.  G.  B.  Collet 

The  late  George  Matthews  Whipple,  B.Sc,  F.B.A.S.,  joined  the  Society 
on  April  15th,  1874,  and  was  a  most  energetic  worker.  He  was  employed 
at  the  Kew  Observatory  from  October  1858,  and  held  the  post  of  Superin- 
tendent from  1876  until  his  death.  He  served  on  the  Council  from  1876  to 
1887,  and  contributed  no  fewer  than  22  papers  to  the  Quarterly  Journal. 
He  died  at  his  residence  at  Bichmond  on  February  8th,  1898. 

The  late  Henry  Francis  Blanford,  F.B.S.,  F.G.S.,  who  had  achieved  a 
high  reputation  as  Meteorological  Beporter  to  the  Government  of  India, 
joined  the  Society  on  November  20th,  1878,  served  on  the  Council  from 
1888  to  1891,  and  he  did  good  work  as  a  member  of  the  Editing  Committee. 
He  died  at  Folkestone  on  January  2drd,  1898. 

The  loss  of  such  men,  together  with  the  other  serious  losses  by  death 
mentioned  later  on,  have  left  a  great  void,  which  it  will  be  difficult  to  fiU. 

Of  those  who  were  either  Founders  (marked  *)  or  were  elected  in  the  first 
year  we  still  have  with  us  the  following  Fellows  : — 

Brown,  Isaac,  F.B.A.S.  Perigal,  H.,  F.B.A.S. 

♦Glaisher,  J.,  F.B.S.  Prince,  C.  L.,  F.B.A.S. 

Hippisley,  J.,  F.B.S.  *Slatter,  Bev.  J.,  F.B.A.S. 

*Johnson,  W.,  F.B.A.S.  Tudor,  E.  0.,  P.S.A. 
♦Lowe,  E.  J.,  F.B.S. 

The  Council  have  been  materially  assisted  by  several  Committees,  which 
were  constituted  as  follows : — 

Genebal  Pubposes  CoBiMiTTEE.  -  President,  Secretaries,  Foreign  Secretary, 
Treasurer,  Messrs.  Ellis,  Inwards,  and  Latham. 

EDiriMa  CoMiiiTTEE. — Messrs.  Inwards,  Maclear,  and  Scott. 

Wind  Fobce  Committee. — President,  Secretaries,  Messrs.  Binnie,  Chatter- 
ton,  Curtis,  Dines,  C.  Harding,  Laughton,  Munro,  and  Scott. 

Standing  Bbfebeb  on  Papebs. — Mr.  Ellis. 

Instead  of  the  Annual  Exhibition  of  Instruments,  which  has  now  been  a 
feature  of  the  Society's  Session  for  the  past  18  years,  at  the  request  of  the 
Gouncili  Mr.  Shelford  Bidwell,  F.B.S.,  delivered  a  lecture  on  '*  Some  Meteo- 
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rolo'gical  Problems,"  illustrated  by  nnmerons  electrical  ei^periments.  The 
lecture  was  extremely  well  attended. 

iS^a/tonj.— Observations  have  been  accepted  from  the  following  new  sta- 
tions : — Chester ;  Oranleigh,  Surrey  ;  Folkestone,  Kent ;  Halstead,  Essex ; 
Lancaster ;  Newport,  Pembrokeshire  ;  and  Newquay,  Cornwall.  The  obser- 
vations have  been  discontinued  at  Babbacombe  and  Exeter. 

Copies  of  detailed  monthly  returns  and  annual  summaries  of  results  have 
been  supplied  as  usual  to  the  Meteorological  Office. 

Inspection  of  Stations, — All  the  stations  north  of  latitude  52°  N.  and  east 
of  longitude  2°  W.,  together  with  such  other  stations  west  of  longitude 
2°  W.  as  were  not  inspected  last  year,  have  been  visited,  and  found  to  be  on 
the  whole  in  a  satisfactory  condition.  Mr.  Marriott,  in  his  Report  (which 
will  be  found  in  Appendix  III.,  p.  100),  states  that  he  has  called  the  special 
attention  of  the  observers  to  the  working  of  the  wet  bulb  thermometer, 
particularly  during  frost. 

Dinner  to  Mr,  PerigaL — ^A  Congratulatory  Dinner  at  Limmer's  Hotel,  on 
Saturday,  April  15th,  was,  on  the  initiation  of  the  Society,  given  to  Mr. 
Perigal,  in  celebration  of  his  92nd  birthday  and  of  his  40  years'  service  to 
the  Society  as  Treasurer. 

Research  Fund. — ^Dr.  C.  Theodore  Williams,  previous  to  vacating  the 
office  of  President,  has  expressed  a  desire  for  the  formation  of  a  fund  for 
carrying  out  experiments  and  observations  in  Meteorology,  and  has 
generously  presented  the  sum  of  £100  to  form  the  nucleus  of  a  Research 
Fund.  The  Council  have  gratefully  accepted  this  donation,  and  trust  that 
this  Fund  may  be  augmented  by  interest  and  otherwise  as  time  goes  on,  and 
that  it  may  be  the  means  of  forwarding  the  objects  of  the  Society  in  future. 

Donations, — A  valuable  present  of  a  lime-light  lantern  and  all  the  ne- 
cessary apparatus  for  use  in  illustrating  the  papers  read  at  the  Society's 
Meetings  has  been  received  from  the  President.  Considerable  additions  have 
been  made  to  the  Library  during  the  year,  a  list  of  which  will  be  found  in 
Appendix  V.,  p.  118.  Several  Photographs  have  been  received  from  different 
donors. 

Quarterly  Journal. — This  publication  has  contained  several  interesting 
papers,  amongst  which  are  *'  The  High  Altitudes  of  Colorado  and  their 
Climates,"  by  the  President ;  *'  Remarks  on  the  Measurement  of  the  Maxi- 
mum Wind  Pressure,  and  description  of  a  new  instrument  for  indicating  and 
recording  the  same,  "  by  Mr.  Dines;  **  The  relation  between  the  duration 
of  Sunshine,  the  amount  of  Cloud,  and  the  height  of  the  Barometer,"  and 
''  The  Mean  Maximum  and  Mean  Alinimum  Temperature  of  the  Air  on  each 
day  jof  the  year  at  the  Royal  Observatory,  Greenwich,  on  the  average  of  the 
fifty  years,  1841-90,"  by  Mr.  Ellis;  *'  Suggestions,  from  a  practical  point  of 
view,  for  a  New  Classification  of  Cloud  Forms,"  by  Mr,  Gaster;  and 
'*  Fifteen  Years'  Fogs  in  the  British  Islands,  1876-90,"  by  Mr.  Scott. 

Meteorological  Record, — ^This  publication  has  been  brought  up  to  June 
1898. 

Phenohgical  Report. — This  interesting  and  instructive  Report  was  read 
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by  Mr.  Mawley  at  the  February  meeting,  and  it  is  satisfieustory  to  find  that 
tiie  nmaber  of  observers  has  been  well  maintained. 

The  New  Offices. — ^These  continue  to  give  satisfaction,  and  have  proved 
very  convenient. 

Hour  of  Meeting, — In  view  of  the  repeated  requests  of  numerous  FeUows, 
the  Council  resolved  to  alter  the  hour  of  Meeting  for  the  current  Session 
from  7  p.m.  to  8  p.m.,  a  change  which  they  trust  will  be  conducive  to  the 
comfort  of  the  Fellows,  and  lead  to  a  larger  attendance  at  the  Meetings. 

FeUows. — The  changes  in  the  number  of  Fellows  during  the  year  are 
exhibited  in  the  following  table,  which  shows  an  increase  of  three : — 


Fellows. 

AxinaaL 

Life. 

Honorary. 

Total. 

1892,  December  BUt... 

899 

187 

19 

666 

Since  elected  

+48 

-  8 
-19 

-  8 

-  8 

+1 
-8 

.•• 
..• 
... 

... 

-2 

..• 
... 
... 

+44 
-18 
-19 

-  8 

-  6 

Deceased 

Retired   

Lapsed    

Defaulters  

1898,  December  81st... 

406 

186 

17 

668 

Deaths, — The  Council  have  to  announce  with  much  regret  the  deaths  of 
eleven  Fellows,  and  of  two  Honorary  Members.     The  names  are : — 
John  Charles  Bell,  F.R.G.S. 
Henry  Francis  Blanford,  F.R.B.,  F.G.S. 
Edith  Brooke 

Sir  Andrew  Clark,  Bart.,  M.D.,  F.R.S.,  Preb.B.C.P. 
Prof.  Daniel  CoUadon  (Honorary  Member) 
Prof.  Henri  Marie  Davy  (Honorary  Member) 
Earl  of  Derby,  K.G.,  M.A.,  LL.D.,  F.R.S. 
Lord  Ebury,  F.R.G.S. 
William  John  Harris,  M.R.C.S. 
Thomas  Hawksley,  F.R.S,,  M.Inst.C.E.,  F.G.S. 
Captain  John  Shortt,  R.N. 
lieut.-Col.  William  Stuart 
George  Matthews  Whipple,  B.Sc,  F.R.A.S. 


elected  Feb.  15, 1888. 

Nov.  20, 1878. 

Dec.  19, 1888. 

i> 

Apr.  20, 1892. 

»i 

May  16, 1888. 

>f 

Apr.  17, 1878. 

>i 

Mar.  19, 1879. 

*9 

May    7,1860. 

99 

Nov.  20, 1867. 

|» 

Jan.  22, 1866. 

Dec.  18, 1889. 

99 

Nov.  20, 1878. 

»> 

Apr.  16, 1874. 
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APPEN" 
STATEMENT  OP  RECEIPTS  AND  EXPENDITURE 


Rboeipts. 

A    $.  d.         £    f.    dL 

Balance  from  1892 142  11    4 

SabBoriptions  for  189S 685    2  0 

Do.                former  years    62  16  0 

Do.                paid  in  advance S6    2  0 

life  Composition • . . .  •  21    0  0 

Entrance  Fees    86    0  0 


Ifeteorologioal  Office— Copies  of  Returns     143  10    3 

Do.  Grant  towards  Inspection  Expenses         26    0    0 


839  19    0 


168  10     3 


Diyidends  on  Stock  (indading  £40  6b.  8d.  from  the  Now 

Premises  Fund) 114  13    8 

Sale  of  Pablications 32    2    I 


£1-297  16    7 
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PENDIX  I. 

FOR  THE  YEAR  ENDING  DECEMBER  SIst,  1893. 


2    6    6 


226    5    2 


69    7    2 


EXPEMDITUBB. 

»    t.  d. 

Balanoe  due  to  the  Assistant-Seoretary     •  • 

Journal,  dbc, : — 

Printiiig  Nog.  85  to  88 104  10  6 

BliutrationB      46    0  8 

Anthon' CopieB 16  16  6 

Meteorological  Record,  Nos.  47  to  60 60    9  6 

Begistiar-General*8  BeporU     8    8  0 

Printing,  de.  :^ 

GoDeral  Printing    24     1  6 

Stationery  6    4  1 

Forms 11     8  6 

Books  and  Bookbinding    28  18  1 

Office  Expenset : — 

Salaries    417    6  5 

Bent  and  Housekeeper 141  14  0 

Fomitnre,  Bepairs,  Coals,  &o 15    9  10 

Postage    47  12  0 

Petty  Expenses 16    0  11 

Refreshments  at  Meetings    14    1  1 

Lecture  Expenses 12     1  0 

Subscriptions  oyerpaid  returned • 4    0  0 

OhtervatioTU : — 

Inspection  of  Stations 54    0  7 

Observers  at  Old  Street  and  Seathwaite    7    2  0 

Instruments    4  16  7 

Stock:— 
Purchase  of  £100  2|  per  cent.  Annuities    

Balance: — 

At  Bank  of  England 165  13  3 

In  hands  of  the  Assistant-Secretary 2  17  1 


668    5    3 


66  18 

2 

07  5 

0 

1129  6 

3 

168  10 

4 

£1297  16 

7 

Examined  and  oompared  with  the  Vouchers,  and  found  correct, 

J.  S.  HARDING,  JuNB., 
ALBT.  B.  WATSON, 
January  Uh,  1894. 

HEW  BBBpiS. — ^YOL.  ZZ. 


Auditore, 
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AFPEN' 
ASSETS  AND  UABILITIES 


LUBXUTIBB. 

£  f.    d. 

To  Sabfloriptionfl  paid  in  ad?Bnoe ....••••         8*  2    0 

,,  Excess^  of  Aflflets  over  Liabilities    37^1  7  11 


£2787    9  11 


1  ThiB  ezoeu  is  exdufire  of  the  ▼  due  of  the  Library  and  Stook  of  PublioatioiLS. 


NEW  PREMISES  FUND. 


£    :  d. 

AmonDt  paid  to  the  Society's  Funds  towards  the  increased  rent  of  the 

New  Premises    40    6  8 

Amoant  invested  in  parohase  of  £13  8s.  lOd.  South  Australian  3^  per 

cent.  Inscribed  Stock    ..,...., ,,, 12  10  0 

£62  15  8 
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DIX  L — Continued. 

ON  JANUARY  Ist,  1894. 

ASSSTS. 

£  t.  d. 
By  loTestmdnt  in  M.  S.  and  L.  R.  4 J  per  cent.  Debenture 

Stock,  £800  at  142    1186    0  0 

„  InTestment  in  N.  S.  W.  4  per  cent.  Inscribed  Stock, 

£654  188.at  104i 682  14  8 

„  Investment  in  L.<frN.W.B.  Ordinary  Stock,  £200  at  164  828    0  0 

„  InTeatmeot  in  2|  per  cent.  Annuities,  £100  at  974  •  -  •  •  97    6  0 

„  Subseriptions  unpaid,  estimated  at 50    0  0 

„  Entrance  Fees  unpaid    10    0  0 

„  Inlevest  due  on  Stock 30    3  10 

„  Furniture,  Fittings,  Are 184  19  10 

„  Instruments 99  16  3 

M  Ciuhat  Bank  of  England 165  13  3 

„  Cash  in  hands  of  Assidtant-Seoretary    2  17  1 


£    ff.    cf. 


2213  19    8 

90    3  10 

284  16    1 

168  10    4 
£2787    9  11 


January  9cA,  1894. 


J.  S.  HARDING.  JuKB.,        \    .    .., 
ALBT.  E.  WATSOV.  f  ^'^"O^- 

WILLIAM  MARRIOTT,  Antistant  Secretary, 


DECEMBER  81st,  1893. 


Contributions  of  Fellows 

Interest  received  on  investment 


£    ff. 
12  10 
40    5 

d, 

0 
8 

£52  15 

8 

Nuts.— The  Society  holds  on  account  of  this  Fund  £1199  Oe.  2d.  South  Austruliau 
31  per  cent.  Inscribed  Stock. 

J.  S.  HAI;DING,  Junr,,      |    ,  ^. 
ALBT.  E.  WATSON.  }  Auditor*. 

WILLUM  MAHttlOTT,  Assittant  Stereiary, 
January  9/^  1894, 
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APPENDIX  II. 

Subscriptions  promised  towards  tlie  New  Premises  Fund. 

FOURTH  LIST. 

£       9.    d. 
Amotint  already  promised  ...  ...  ...  1,176    7    6 

Mr.  0.  B.  Gavilje  ...  ...  ...  ...  2    0    0 


^1,178    7    6 


APPENDIX  III. 

Inspeotion  of  Stations,  1893. 

During  this  year  I  have  visited  all  the  stations  north  of  52^  N.  lat.,  and 
east  of  2°  W.  long.,  together  with  such  other  stations  west  of  2^  W.  long, 
as  were  not  inspected  last  year. 

The  stations  as  a  whole  were  in  a  satisfactory  condition,  and  the  observers 
appear  to  take  an  intelligent  interest  in  the  work.  Fewer  changes  than 
nsnal  have  occurred  in  the  zeros  of  the  thermometers. 

This  year  I  took  with  me  some  brass  back-plates  having  a  hole  and  slot 
for  suspending  the  thermometers.  These  I  substituted,  where  necessary,  for 
the  back-plates  having  only  a  ring,  in  order  to  obviate  the  vibration  of  the 
maximum  and  minimum  thermometers  in  windy  weather.  I  also  renewed 
the  metal  fastenings  for  holding  the  thermometer  tubes  when  they  were 
almost  or  quite  worn  away. 

The  observers  have  been  urged  to  give  as  much  attention  as  possible  to  the 
working  of  the  wet-bulb  thermometer,  especially  during  frost. 

I  have  to  report  that  the  charge  of  the  observations  at  Blackpool  has 
been  transferred  from  the  Borough  Surveyor  to  the  Medical  Officer  of  Health. 
The  instruments  have  also  been  removed  to  property  belonging  to  the  Cor- 
poration, and  there  is  every  reason  to  expect  that  the  observations  will 
be  thoroughly  satisfactory. 

Whjjam  Mabbiott. 
October  18th,  1893. 


NOTES  ON  THE  STATIONS. 
Applebt,  August  26th. — The  instruments  were  all  clean  and  in  good 
order.     I  rearranged  the  position  of  the  water  receptacle,  and  urged  the 
observer  for  the  future  to  read  the  thermometers  to  tenths  instead  of  to  whole 


Belpeb,  September  2nd, — The  instruments  were  in  the  same  position 
as  formerly,  the  thermometer  screen  being  greatly  sheltered  by  trees.  I 
put  on  fresh  back-plates  to  the  minimum  thermometer.  Xhe  funount  of 
cloud  seem?  to  be  somewhat  under-estimated. 
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Blackpool,  August  30th. — The  charge  of  the  iiiBtruments  and  the  ohserva- 
tions  had  recently  heen  transferred  from  the  Borough  Surveyor  to  the 
Medical  Officer  of  Health.  Mr.  F.  Pool,  one  of  the  Sanitary  Inspectors,  is 
the  observer,  and  he  appears  to  be  an  efficient  man.  The  rain  gauge  was 
sheltered  by  a  row  of  willow  bushes.  In  order  to  get  the  instruments 
together  on  Corporation  land,  I  went  to  the  Sanatorium  and  selected  a  fresh 
site,  which  will  be  more  open  and  satisfactory  than  the  present  one. 

Bolton,  August  31st, — ^The  thermometers  were  all  correct,  except  the 
minimum,  which  had  gone  down  0°'8.  The  funnel  of  the  rain  gauge 
required  repairing.  Observations  with  a  6  inch  earth  thermometer  were 
commenced  on  January  1st. 

Bubton  on-Tbbnt,  August  1st. — ^All  the  instruments  were  in  good  order, 
except  the  grass  minimum,  which  had  1°  of  spirit  at  the  top  of  the  tube. 

Buxton,  September  1st. — The  observations  are  now  made  by  the  Medical 
Officer  of  the  Devonshire  Hospital,  and  are  more  efficiently  taken  than 
formerly.  The  thermometers  were  all  correct.  The  results  from  the  sun* 
shine  recorder  would  no  doubt  be  better  if  the  instrument  were  placed  in  a 
more  satisfactory  position. 

Cheadlb,  July  31st, — The  instruments  were  in  good  order. 

Ohbsteb,  July  29th, — ^The  instruments  are  mounted  in  a  small  garden  in 
the  Park  Gate  Road,  the  exposure  is  very  fair  but  somewhat  confined.  The 
thermometers  required  rearranging  in  the  screen,  and  also  holes  to  be  cut 
behind  the  bulbs  of  the  maximum  and  minimum.  None  of  the  thermometers 
except  the  grass  minimum  had  been  verified  at  Eew.  [The  instruments 
have  subsequently  been  sent  to  Kew  for  verification.] 

CoBTON,  Jtdy  19th. — The  sunshine  recorder  is  by  Messrs.  Negretti  and 
Zambra,  and  is  placed  in  a  well  exposed  position  near  the  cliff. 

Dbitfield,  July  13th. — ^Everything  was  in  good  order,  and  the  thermo* 
meters  were  all  correct.  Mr.  Lovel  had  added  a  barograph  and  evapora- 
tion tank  to  his  equipment  since  tlie  last  inspection.  P^r.  Lovel  died  on 
February  16th,  1894,  but  the  observations  will  be  continued  by  his  father, 
Mr.  W.  B.  Lovel.] 

GxLDBSTON,  July  20th, — ^The  sunshine  recorder  is  mounted  on  the  ridge 
of  a  stable,  and  is  very  well  exposed.  A  tree  on  the  east  is  the  only  thing 
likely  to  at  all  intercept  the  sun*s  rays. 

Halstead,  September  27th, — The  instruments  are  placed  on  a  grass  plot 
in  a  kitchen  garden,  and  are  well  exposed.  I  recommended  an  alteration  in 
the  mounting  of  the  dry  and  wet  thermometers.  The  dry  and  wet  had  both 
gone  up  (P'2. 

Habbooatk,  July  11th. — ^Since  the  last  inspection  the  instruments  Lave 
been  removed  from  the  West  End  Park  to  the  Bog  Valley  Gardens.  They  are 
in  a  good  situation,  and  are  well  exposed.  The  observations  are  now  under 
the  charge  of  Mr.  J.  Farrah.  The  sunshine  recorder  (Jordan  pattern)  is 
placed  on  the  top  of  the  tower  of  the  Hydropathic  Establishment,  and  is  very 
well  exposed. 

Hiujnoton,  July  18th. — The  thermometers  were  all  correct.  The  sun* 
shine  recorder  was  not  quite  level*    This  I  endeavoured  to  adjust. 
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HoDsocK,  September  4th. — ^This  station  was  in  good  order.  The  ball  of  the 
sunshine  recorder  was  not  quite  in  the  centre  of  the  frame.  This  I  adjasted, 
and  Mr.  Mellish  has  had  the  slate  slab  fixed  in  cement. 

Kenilworth,  August  2nd, — Both  Mr.  Hawley  and  the  coachman,  who 
usually  takes  the  observations,  were  away  at  the  time  of  my  visit.  The 
thermometer  screen  needed  painting,  and  the  legs  renewing.  The  thermo- 
meters required  rearranging  in  the  screen.  The  tubes  of  the  maximum  and 
minimum  had  slipped  down.     These  I  readjusted. 

LiiNOASTEB,  August  30th, — The  instruments  are  placed  in  the  Williamson 
Park,  which  was  formerly  moor  land,  and  had  been  used  as  a  quarry.  The 
ground  is  consequently  irregular,  but  the  instruments  are  placed  on  the 
highest  points.  The  thermometer  screen  required  to  be  painted  white  and 
also  to  be  raised,  as  the  bulbs  of  the  thermometers  were  only  Sft.  4  ins. 
above  the  ground.  The  tube  of  the  maximum  had  slipped  down  1^.  The 
sunshine  recorder  is  mounted  on  the  roof  of  the  Greg  Observatory.  The 
observations  are  made  by  the  Curator  of  the  observatory. 

Llandudno,  July  26th» — All  the  thermometers  were  in  good  order  except 
the  minimum,  which  had  0°'5  of  spirit  at  the  top  of  the  tube.  I  recom- 
mended that  a  cover  be  placed  over  the  water  receptacle.  The  sunshine 
recorder  on  the  pier  was  somewhat  out  of  focus.  This  I  readjusted.  The 
hills  on  the  west  cut  ofif  the  sun  in  the  evening,  the  highest  point  making  an 
angle  of  IV. 

Lincoln,  September  6th, — There  was  no  change  in  the  thermometers.  I 
recommended  that  a  cover  be  placed  over  the  water  receptacle.  The  electrical 
thermometer  was  in  good  order.     The  screen  on  the  tower  required  painting. 

LowBSTOFT,  July  19th, — There  was  no  change  in  the  thermometers.  The 
tube  of  the  maximum  had  slipped  down.  This  I  readjusted.  The  mercury 
in  the  maximum  thermometer  had  a  tendency  to  run  up  2°  or  8^.  I  called 
attention  to  this,  and  requested  that  the  thermometer  might  be  hung  with 
the  bulb  a  little  lower. 

Macclbsfxbld,  September  Isf, — The  thermometers  were  all  correct  except 
the  wet  bulb,  which  had  gone  up  0^-L  One  of  the  hinges  of  the  door  of  the 
screen  was  broken  and  needed  repairing. 

NoBTHWicH,  July  26th. — The  thermometers  required  to  be  rearranged  and 
the  screen  painted.  The  lower  part  of  the  tubes  of  the  dry  and  wet-bulb 
thermometers  not  being  readable,  owing  to  the  piece  of  wood  across  them, 
I  had  this  cut  so  that  the  tubes  are  now  quite  clear.  The  minimum  had 
0°'6  of  spirit  up  the  tube. 

Ravensthobpe,  August  2nd. — The  dry  and  wet-bulb  thermometers  had 
gone  up  0^*2.  I  recommended  that  the  minimum  be  set  horizontal  and 
£xed  tighter,  to  prevent  vibration,  and  also  that  a  cover  be  put  over  the 
water  receptacle.  A  board  with  holes  has  been  placed  at  the  back  of  the 
stand,  and  is  painted  white. 

RoTHBUBY,  Awfust  JP/A.— The  wet-bulb  thermometer  was  not  working 
properly,  as  the  muslin  was  out  of  order.  I  altered  the  position  of  Ihe  maxi- 
mum and  minimum,  and  also  put  on  fresh  back^plates  with  •  slots.    As  there 
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was  a  pieoe  of  wood  across  the  tabes  of  the  dry  and  wet-bnlb  thermometers 
at  about  25°,  I  recommended  that  this  should  be  cnt  away,  so  that  the 
colmnn  of  mercory  might  be  seen  entire. 

BouNTcm,  Augmt  18ih, — ^The  insfcmments  were  in  good  order,  except  the 
black-bnlb  maximum  in  vacuo,  which  had  lost  its  index.  As  the  wooden 
stick  canying  the  earth  thermometer  was  rotting  away,  I  recommended  that 
it  be  bonnd  round  with  wire.  The  observer  was  requested  to  give  special 
attention  to  the  wet-bulb  thermometer  during  frost. 

Sgalsbt,  AuguU  26th. — ^The  muslin  on  the  wet-bulb  was  dry,  and  had 
not  been  kept  in  good  order.  The  tubes  of  the  dry  and  wet  thermometers 
being  loose,  I  put  on  fresh  brass  loops  and  screws.  The  screen  required 
painting. 

ScABsoBonaH,  JuZy  12th. — The  observations  are  now  taken  by  Dr.  Monk, 
the  Medical  Officer  of  Health.  The  instruments  are  placed  in  a  small 
garden  with  a  very  confined  exposure.  It  is  the  only  place  available  without 
going  to  such  a  distance  that  the  instruments  would  not  be  under  the  super* 
vision  of  the  observer.  The  garden  is  about  200  feet  east  of  Bir.  Robinson's 
(the  former  observer),  and  is  on  the  same  level.  The  rain  gauge  is  some- 
what sheltered  on  the  north-east  by  a  tree  which  makes  a  considerable  angle. 
I  recommended  that  some  branches  of  the  tree  be  lopped.  The  screen 
required  painting,  and  the  thermometers  rearrangmg. 

SEATmvAXTB,  Augiut  28th. — ^There  was  no  change  in  the  thermometers. 
I  altered  the  position  of  the  maximum  and  put  on  new  back-plates.  The 
smount  of  cloud  appeared  to  be  over  estimated. 

SoMsaLSTTON,  Julff  19th. — The  instruments  were  all  in  good  order,  except 
the  minimum,  which  had  gone  down  0°*5.  As  the  Rev.  C.  J.  Steward  had 
two  earth  thermometers  at  4  feet,  one  in  a  drain  pipe  and  the  other  in  an 
iron  pipe,  I  suggested  that  the  former  should  be  put  at  1  foot. 

Southwell,  September  5th. — ^All  the  thermometers  were  correct  except 
the  earth  thermometer  which  had  gone  up  0°*1.  The  glass  ball  of  the  sun* 
shine  recorder  was  not  quite  in  the  centre  of  the  frame.  This  I  readjusted. 
The  traces  show  that  the  sunshine  has  not  been  recorded  in  the  morning 
before  5  a.m.,  whUe  in  the  evening  it  has  been  recorded  up  to  8  p.m.,  and 
on  June  9th,  1892,  up  to  8.5  p.m. 

Sutton  Coldfikld,  August  let. — ^The  instruments  have  been  moved  to  a 
site  about  100  feet  south  of  their  former  position.  They  are  somewhat  close 
to  two  ponds  of  water.  The  observations  since  January  1st  have  been  taken 
only  once  a  day,  viz.  at  9  a.m.,  instead  of  twice  a  day,  viz.  at  9  a.m.  and 
9  p.m.,  as  formerly.  I  recommended  that  a  cover  should  be  put  over  the 
water  receptacle.    The  screen  required  painting. 

Trobssbt  (North),  July  14th. — The  instruments  are  placed  in  a  paddock 
between  the  Rectory  and  the  Church,  and  are  well  exposed.  The  ground  is 
flat  from  the  sea  to  the  Wolds.  North  Thoresby  is  about  5  miles  from  the 
sea,  and  2  miles  from  the  Wolds.  There  was  no  change  in  the  thermo- 
meters, which  are  those  which  the  Rev.  H.  Garrett  had  formerly  at  South* 
tehpion.  The  muslin  on  the  wet  bulb  was  dry,  the  cottcm  not  conducting 
properly.    I  recommended  that  a  cover  be  placed  over  the  water  receptacle* 
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Thuelow,  Seplemher  27th. — ^The  muslin  on  the  wet-bulb  was  dry,  the 
cotton  not  conducting  properly.  I  altered  the  position  of  the  screws  of  the 
maximum  thermometer  as  the  mercury  was  liable  to  run  up  the  tube.  I 
recommended  that  the  thermometers  should  be  read  to  tenths  instead  of  to 
whole  degrees,  and  also  that  more  attention  should  be  given  to  the  wet  bulb. 

UsHAw,  August  18th, — The  thermometer  screen  required  painting  and 
strengthening.  A  new  rain  gauge  was  necessary  as  the  existing  one  was  com- 
pletely worn  out.  I  recommended  that  a  cover  be  placed  over  the  water 
receptacle. 

Wakefikld,  July  10th, — ^There  was  no  change  in  the  thermometers.  The 
screen  required  painting  and  the  thermometers  re-arranging.  As  the  water 
receptacle  was  liable  to  be  burst  in  frost,  I  recommended  that  a  fresh  one 
with  a  cover  be  obtained.  The  observations  will  in  future  be  entered  direct 
in  the  original  observation  book  instead  of  on  loose  pieces  of  paper. 

WiNDEBUEBE,  August  29th, — The  instruments  are  placed  in  a  small  yard 
or  garden,  the  exposure  is  consequently  very  confined.  The  rain  gauge  is 
placed  on  a  wall  6  feet  above  the  ground.  Mr.  Mackereth  has  had,  however, 
three  gauges  placed  in  open  situations,  and  always  found  that  they  collected 
the  same  amount  as  that  on  the  wall. 

WoBTHiNG,  October  IHK — I  called  on  Mr.  G.  B.  Collet  at  Bhelley  House 
and  found  him  willing  to  carry  on  the  observations  so  ably  taken  by  the  late 
Mr.  W.  J.  Harris  during  the  past  26  years.  I  selected  a  site  for  the  instru- 
ments, which  would  be  put  in  position  before  the  end  of  the  month. 

Wbyde,  July  17th, — There  was  no  alteration  in  the  thermometers,  but 
I  found  that  the  maximum  read  too  high  by  the  mercury  having  a  tendency 
to  run  up  the  tube.  This  I  remedied  by  lowering  the  bulb  and  also  by 
tightening  the  screws  to  prevent  vibration.  The  tube  of  the  maximum 
thermometer  had  slipped  down  about  a  degree.     This  I  readjusted. 


APPENDIX   IV. 
OBITUARY  NOTICES. 


Henby  Fbangis  Blanfobd,  who  died  after  a  protracted  illness  on  Janu- 
ary 28rd,  1898,  was  born  in  1884,  in  Bouverie  Street,  in  the  house  now  the 
offices  of  the  Daily  News.  He  was  one  of  the  students  of  the  Boyal  School 
of  Mines  at  its  opening  in  1851,  and  like  other  meteorologists,  such  as  the 
late  Prof.  Buys  Ballot,  Prof.  Mohn,  and  Mr.  Scott,  his  earliest  work  was 
Geological.  He  studied  at  Freiberg  for  a  year,  and  joined  the  Geological 
Survey  of  India  in  1856.  He  had  to  leave  that  service  in  1862,  as  his 
health  would  not  stand  the  exposure  to  climate  involved  in  geological 
exploration,  but  in  those  seven  years  he  did  work,  the  permanent  value  of 
which  has  been  thoroughly  recognised. 

In  1862  he  joined  the  Educational  Department,  and  was  soon  appointed 
Professor  of  Physios  in  the  Presidency  College  of  Calcutta.     He  began  to 
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devote  himself  t3  meteorological  inquiries,  and  when  the  Calcutta  Cyclone 
of  October  1864  forced  on  the  notice  of  the  Government  the  desirability  of 
organising  storm  warnings,  Mr.  Blanford  was  appointed  Honorary  Secretary 
to  the  Meteorological  Committee,  charged  with  the  arrangements  for  a 
tentative  scheme  of  this  nature.  Soon  after  he  was  formally  appointed 
Meteorological  Reporter  to  the  Government  of  Bengal,  aud  in  1875  he  was 
finally  constituted  Director  of  the  Central  Office,  or  Meteorological  Reporter 
to  the  Government  of  India.  In  March  1887  he  took  furlough  for  21  months, 
and  on  its  expiration  he  retired. 

His  Indian  MeteorolotjUf  b  Vade  Mecum,  published  in  1877,  is  the  best 
book  of  Instructions  for  all  tropical  countries,  and  in  his  Weather  and 
Climates  of  India,  published  in  1889,  he  gives  the  results  of  his  life's  work 
in  the  investigation  of  the  Climate  of  the  Indian  Peninsula. 

The  Indian  Meteorological  Memoirs  contain  numerous  papers  from  his 
pen,  and  his  name  also  appears  in  the  Royal  Society's  Proceedings,  and  in 
the  Philosophii'al  Transactions,  as  well  as  in  the  Proceedings  of  the  Asiatic 
Society  of  Bengal,  He  became  F.R.S.  in  1880,  and  was  an  honorary 
member  of  several  foreij^  Meteorological  Societies. 

He  was  elected  a  Fellow  of  this  Society  on  November  20th,  1878,  and 
served  on  the  Council  from  1888  to  1891.  B.  H.  S. 

Sib  Andrew  Clabk,  Bart.,  M.D.,  LL.D.,  F.R.S.,  was  bom  on  October  28th, 
1826,  at  Aberdeen,  and  educated  at  the  Universities  of  Aberdeen  and 
Edinburgh,  where  he  highly  distinguished  himself.  He  graduated  M.D.  at 
Aberdeen  in  1854,  and  became  a  Surgeon  in  the  Royal  Navy  and  later  on 
Pathologist  to  the  Royal  Naval  Hospital  at  Haslar. 

However,  it  was  not  until  he  came  to  the  Metropolis,  and  was  appointed 
a  member  of  the  Medical  Staff  of  the  London  Hospital,  that  he  made  his 
mark.  By  long  and  patient  study  of  morbid  anatomy,  he  became  first  a 
great  pathological  teacher,  and,  connecting  this  with  bedside  experience, 
a  distinguished  clinical  lecturer,  attracting  crowds  of  admiring  students  and 
practitioners.  He  subsequently  became  involved  in  a  large  consulting 
practice,  which  he  retained  up  to  his  death. 

Sir  Andrew  Clark  was  President  of  several  of  the  Medical  Societies, 
including  the  Medical,  the  Clinical,  and  Hunterian,  and  at  the  time  of  his 
death  presided  over  the  Royal  Medico- Chirurgical  Society,  in  whose  debates 
he  took  a  warm  interest.  But  of  late  years,  his  principal  public  work  was 
in  connection  with  the  Royal  College  of  Physicians,  in  which  he  held  the 
various  offices  of  Examiner,  Croonian  and  Lumleian  Lecturer,  and  even- 
tually President,  which  office  he  held  up  to  the  last  with  the  greatest  dignity 
and  ability,  and  with  the  utmost  devotion  to  the  interests  of  the  College  and 
of  the  Medical  Profession.  He  was  attacked  with  apoplexy  while  seeing 
his  patients  as  usual,  and  died,  as  he  would  have  desired,  at  his  post,  on 
November  6th,  1898,  aged  67. 

His  chief  characteristics  were,  first,  his  untiring  energy  and  extraordinary 
power  of  work;    secondly,  his  great  sympathy  with  suffering,  and  ready 
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resonrce  in  its  alleviation ;  thirdly,  his  eloquence,  hoth  of  speech  and  of 
pen,  which  enahled  him  to  elucidate  most  complex  questions,  to  champion 
with  success  many  a  good  cause,  and  last,  hut  not  least,  to  give  his  medical 
directions  in  such  clear  language  that  they  could  not  be  misunderstood. 

Sir  Andrew  Clark's  funeral  service,  November  11th,  1898,  was  held  in 
Westminster  Abbey,  and  largely  attended  by  his  friends  and  patients,  among 
them  Mr.  Gladstone,  who  was  a  pall  bearer.  He  was  buried  at  Essendon, 
in  Hertfordshire. 

He  was  elected  a  Fellow  of  this  Society  on  April  20th,  1892,  and  always 
expressed  much  interest  in  Climatology.  C.  T.  W. 

Daniel  Colladon  was  bom  at  Geneva,  Switzerland,  in  the  year  1802, 
and  educated  in  that  town.  In  early  life  he  took  much  interest  in  Physical 
Science,  and  evinced  considerable  aptitude  in  experimental  inquiry  in  Natural 
Philosophy.  At  28  years  of  age  he  had  to  conform  to  the  law  of  the 
country  and  undergo  military  training,  which  he  appears  to  have  rather 
enjoyed.  We  next  find  him  engaged  for  two  years  attending  lectures  in 
Philosophical  Science  at  the  Geneva  Academy;  during  that  time  his  in- 
quiring turn  of  mind  set  him  to  work  on  various  topics,  and  in  1825  he 
published  a  paper  together  with  Dr.  Prevost,  of  Geneva,  on  a  phenomenon 
described  by  Arago  concerning  the  influence  of  metallic  plates  on  magnets. 
Arago  was  then  the  centre  of  the  physical  world  on  the  Continent,  and  it 
is  not  surprising  that  Colladon  should  have  felt  a  great  desire  to  make  his 
acquaintance.  With  this  object  he  proceeded  to  Paris  in  company  with 
Sturm,  who  subsequently  distinguished  himself  greatly  as  a  physicist  and 
mathematician. 

On  his  arrival  in  Paris,  Colladon  found  that  the  great  topic  of  interest  was 
the  construction  of  a  passage  under  the  Thames,  with  which  the  engineer, 
Mr.  Brunei,  was  actively  engaged;  the  tunnel  had  then  reached  half  way 
under  the  river,  when  suddenly  a  violent  irruption  of  water  took  place,  and 
the  works  had  to  be  interrupted.  Colladon  then  suggested  to  Mons.  de 
Lessert,  who  had  subscribed  largely  to  the  funds  required  for  the  under- 
taking, that  it  might  have  added  to  the  safety  of  the  boring  to  undertake  the 
work  under  compressed  air,  one  or  two  atmospheres  being  probably  suffi- 
cient, supposing  the  tunnel  to  be  closed  by  an  iron  shutter  and  the  air  com- 
pressed within  it  by  means  of  powerful  pumps.  Colladon  put  his  suggestion 
in  writing,  and  the  letter  was  forwarded  to  Brunei,  but  no  answer  was 
ever  returned  to  it.  It  seems,  however,  that  on  a  later  occasion  Brunei 
recollected  Colladon's  suggestion. 

Colladon  while  in  Paris  became  acquainted  with  Arago,  Ampere,  and 
Humboldt,  and  was  naturally  led  to  investigate  the  subject  of  electricity.  He 
succeeded  in  causing  a  deviation  of  the  magnet  through  the  agency  of  an 
electric  friction  machine,  and  up  to  that  time  such  an  effect  was  only  known 
to  be  produced  by  a  voltaic  pile.  Colladon's  attention  was  next  turned  to 
atmospheric  electricity.  A  metallic  point  was  fixed  to  the  end  of  a  long 
rod,  and  thte'  he  erected  on  the  Observatory  of  the  ^' College  de  France," 
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and  placed  alongside  of  the  lightning  condactor,  which  it  exceeded  in  height 
hy  mure  than  one  metre.  The  point  was  enclosed  in  a  glass  tnhe  and  two 
condactors,  isolated  hy  means  of  silk  let  down  from  the  end  of  the  point 
into  a  room  where  they  were  fixed  to  a  galvanometer  CoUadon  himself  had 
invented.  A  storm  occurring  at  the  time,  no  sooner  was  the  apparatus 
mounted  than  the  needle  of  the  galvanometer  was  deviated  in  such  a  way 
as  to  show  the  electricity  to  be  negative.  Two  days  later  another  more 
violent  storm  occurred,  and  during  20  minutes  the  direction  of  the  currents 
changed  two  or  three  times.  Wishing  to  break  the  conductor  at  the  moment 
of  the  maximum  deviation  of  the  galvanometer,  Colladon  received  a  succee* 
sion  of  powerful  spark  discbarges. 

Shortly  afterwards  Colladon  entertained  the  idea  of  determining  the  rate 
of  transmission  of  sound  through  water,  and  returned  to  Geneva  to  carry 
out  his  experiments  in  the  lake.  This  he  did  at  night  by  placing  a  person 
at  a  distance  of  14,237  metres,  while  he  himself  was  in  a  boat;  this  person 
fired  a  rocket,  and  at  the  same  moment  struck  a  bell  with  a  hammer,  the 
beU  being  immersed  in  the  lake ;  the  sound  was  perceived  through  a  long 
tube  bent  at  its  immersed  end,  and  widened  somewhat  like  a  trumpet;  the 
wide  immersed  extremity  of  tube  was  closed  by  a  diaphragm.  He  observed 
the  time  required  for  the  transmission  of  the  sound  with  a  watch.  A  great 
number  of  experiments  were  made,  and  finally  Colladon  found  for  the  trans- 
mission of  sound  through  water  a  speed  of  1,485  metres  per  second. 

Atmospheric  electricity  was  evidently  a  favourite  study  for  Colladon,  and 
in  1826  and  1827  he  made  some  very  interesting  experiments  near  Geneva, 
selecting  two  stations  at  a  difference  of  altitude  of  780  metres.  These 
observations  confirmed  the  accepted  opinion  that  in  fine  weather  the  atmo- 
sphere in  plains,  except  where  under  the  influence  of  trees,  smoke  or  over- 
hanging buildings,  is  electrified  positively  at  a  few  metres  above  the  earth. 

About  this  time  Colladon,  who  had  given  much  attention  to  steam  engines, 
became  actively  engaged  as  a  Consulting  Engineer ;  we  now  pass  over  a 
portion  of  his  career,  mostly  devoted  to  engineering,  and  coming  to  his 
researches  more  strictly  meteorological,  we  find  him  busy  with  observations 
on  hail. 

He  was  led  to  his  theory  of  the  formation  of  hail  by  a  phenomenon  he 
remarked  in  waterfalls,  where  he  had  observed  an  upward  current  of  air  to 
be  produced  by  the  falling  water,  this  current  causing  an  upward  motion  of 
the  water  particles  on  the  outer  layer  of  the  fall.  According  to  CoUadon's 
theory,  the  production  of  hail  is  owing  to  the  formation  of  a  vertical  de- 
scending air  current  produced  by  a  sudden  and  heavy  shower ;  this  current 
leaves  behind  a  vacuum,  or  a  considerable  fall  of  pressure,  mostly  located  in 
the  cloud  from  which  originated  both  the  shower  and  the  hail.  Thus,  in 
that  cloud  there  is  a  permanent  indraught  of  air  as  long  as  the  storm  lasts. 
This  indraft  brings  to  the  cloud  cold  and  dry  air  from  above,  as  well  as  air 
from' below,  the  upper  air  being  strongly  electrified  and  possibly  mixed  with 
adcular  ice  crystals  or  drops  of  water  in  the  process  of  freezing.  The  draught 
tbag  pioduoed  would  divide  the  cloud  into  a  number  of  portions  difieroitly 
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•lectrifiedy  and  consequently  the  hailstones  would  be  attracted  and  repelled 
by  these  separated  cloud  masses,  increasing  in  size  aU  the  while. 

This  view  on  the  origin  of  hail  led  CoUadon  to  inquire  into  the  formation 
of  tornadoes,  and  he  contended  that  tornadoes  were  not  all  descending,  as 
was  thought  to  be  the  case  according  to  Fay's  law,  but  that  they  are  some- 
times ascending.  He  founded  this  view  on  numerous  observations  of  whirl- 
winds, in  which  dust  and  various  terrestrial  objects  were  lifted  into  the  air 
by  a  tornado  and  deposited  at  some  distance  from  the  spot  over  which  the 
tornado  had  passed.  One  of  the  most  interesting  of  those  observations 
.  relates  to  a  tornado  which  passed  over  the  town  of  Geneva,  and  swept  within 
its  sphere  of  action  a  quantity  of  clothes  hung  up  to  dry;  the  circular 
movements  of  these  clothes  mixed  with  masses  of  dust  indicated  clearly  the 
gyration  of  a  column  of  air  8  metres  in  diameter ;  he  estimated  the  height  of 
this  tornado  at  600  metres. 

The  effects  of  lightning  on  trees  and  plants  were  subjects  of  great  interest 
to  CoUadon,  and  he  examined  these  effects  closely  on  poplars,  oaks,  elms, 
cherry  trees,  pear  trees,  firs,  cedars,  horse  chestnuts,  walnut  trees,  plane 
trees,  and  vines.  With  reference  to  poplar  trees  he  was  surprised  to  find 
that  in  some  instances  no  signs  of  being  struck  by  lightning  could  be  seen 
on  the  upper  four-fifths  of  the  tree.  He  noticed  in  one  case  two  longitu- 
dinal wounds  in  the  bark,  in  the  middle  of  which  there  appeared  a  longitu- 
dinal slit  1  or  2  millimetres  in  thickness,  where  the  blade  of  a  knife  could 
be  inserted  to  a  depth  of  8  or  4  centimetres ;  along  those  slits  two  weU 
defined  bands  or  lips  were  visible  4  or  6  millimetres  in  breadth;  these 
bands  were  coloured  light  brown,  like  wood  dried  in  an  oven,  but  the  most 
remarkable  feature  was  the  occurrence  of  seven  perfectly  round  spots  8  to 
10  millimetres  in  diameter,  disposed  along  the  slit  at  a  mean  distance  of 
1*80  metre  above  the  soil. 

He  described  as  follows  the  lightning  spots  on  a  fir  tree: — ''On  the 
inferior  portion  of  the  trunk,  at  a  height  of  2*60  metres,  ten  circular  spots 
could  be  seen  placed  along  a  fissure  in  the  wood.  These  circles  or  spots 
vary  in  diameter  from  8  to  5  centimetres  ;  they  are  situated  at  the  surface 
of  the  young  wood,  their  colour  is  dark  brown,  slightly  darker  near  their 
circiunference ;  they  have  a  depression  at  the  centre  from  1  to  2^  millimetres 
in  depth.  Those  ten  circles  are  traversed  by  the  slit  which  intersects  them 
either  through  their  centre  or  at  the  sides."  Summing  up  the  subject  of 
those  spots,  he  remarks  that  he  has  observed  them  on  eight  different  trees. 

He  finally  observed  the  effects  of  lightning  on  vineyards.  In  vineyardf 
struck  by  lightning  he  found  that  the  damaged  extent  distinguished  itself 
from  the  rest  of  the  plantation  by  the  presence  of  numberless  spots  on 
many  of  the  leaves  of  a  brick  red  colour.  These  spots  were  irregular,  and 
covered  a  third,  or  perhaps  half,  the  surface  of  the  leaves.  Other  irregular 
spots  were  also  observed,  exceeding  the  former  in  number  and  coloured 
dark  blackish  green.  He  leaves  it  an  open  question  whether  the  dark  green 
spots  become  or  not  the  seat  of  the  brick-red  coloration ;  according  to  the 
manager  of  a  vineyard  under  Oolladon's  observation,  the  dark  green  spots 
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were  the  primaiy  effeets  of  the  lighinmg,  and  after  some  days  they  assnmed 
the  brick-red  colour.  Colladon  had  opportnnities  for  the  examination  of 
17  different  vineyards  struck  by  lightning;  in  nearly  every  case  a  ciroolar 
or  elliptic  region  from  8  to  18  metres  in  diameter  had  suffered. 

Colladon  was  greatly  distinguished  as  an  Engineer,  and  perhaps  his  most 
remarkable  invention  was  his  perforating  machine,  worked  by  compressed 
air,  which  was  successfully  used  in  the  Mont  Cenis  Tunnel.  He  was  also 
Professor  of  Mechanics  at  the  £cole  Oentrale  of  Paris  and  Academy  of 
Geneva.  The  author  of  this  biographical  notice  had  the  pleasure  of 
Golladon's  personal  acquaintance,  and  wiU  ever  recollect  his  kindly  and 
genial  welcome. 

Daniel  Colladon  died  on  June  80th,  1898,  and  was  therefore  in  his  91st 
year  of  his  age,  his  active  mind  being  at  work  to  the  very  last.  He  wrote  an 
autobiographical  volume,  from  which  the  present  notice  of  his  life  has  been 
extracted. 

He  was  elected  an  Honorary  Member  of  this  Society  on  May  18th,  1888. 

W.  M. 

Pbofbssob  Henbi  Mabi^  Davt,  who  died  at  Clamecy,  Ni^vre,  in  July  at  the  age 
of  72  years,  had  been  elected  a  Foreign  Member  of  this  Society  on  April  17th, 
1878.  He  took  his  Doctor's  degrees  in  Medicine,  Physical  Sciences  and  Mathe- 
matics in  Paris,  in  1840,  ajid  he  successively  held  Professorships  of  Physics 
at  various  provincial  Colleges  in  France.  Bouen  was  one  of  these.  Soon  after 
the  organisation  of  the  Meteorological  Service  at  the  Observatoire  de  Paris, 
he  was  appointed  by  Leverrier  to  superintend  that  department  of  the  ob- 
servatory work.  In  1866,  he  brought  out  his  Meteorological  work  Ln 
Mouvements  de  V Atmosphere  et  Us  Variations  du  Temps,  a  book  which 
reached  a  second  edition  in  1877. 

Differences  of  opinion  between  Professor  Mari^  Davy  and  his  chief  severed 
the  relations  between  them,  and  he  left  the  Observatory  some  time  before 
1870.  After  the  war,  in  1878,  he  came  back  to  Paris  as  Director  of  the 
Montsouris  Observatory,  an  establishment  in  relation  with  the  Paris  Munici- 
pality, where,  as  is  well  known,  not  only  Meteorology,  but  the  microscopic 
examination  of  air  and  rain  and  Terrestrial  Magnetism  are  prosecuted. 
He  held  that  post  until  1887. 

Henby  Edwabd'  Staki^et,  Eabl  of  Debet,  was  bom  in  July  1826.  He 
was  educated  at  Bugby,  under  Arnold,  and  at  Cambridge,  where,  as  a  student 
of  Trinity  College,  he  gave  promise  of  his  future  success  in  life.  He 
obtained  a  ^st-class  in  the  classical  tripos,  and  also  took  honours  in  mathe- 
matics. 

From  1848  to  1869,  when  he  succeeded  his  still  more  celebrated  father,  the 
fourteenth  Earl  of  Derby,  he  represented  the  borough  of  King's  Lynn.  He 
entered  upon  a  long  and  eventful  Ministerial  career  at  the  exceptionally  early 
age  of  26,  his  first  office  under  the  Crown  being  the  not  unimportant  one  of 
Under  Secretary  of  the  Colonies.     Subsequently  Lord  Palmerston,  anxious 
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to  seeore  his  support,  placed  the  Colonial  tieeretaryship  at  his  diposal.  The 
offer,  though  declined,  was  a  great  compliment  to  the  ability  of  a  man  not 
yet  40. 

As  a  member  of  his  father's  second  Cabinet,  Lord  Stanley,  as  he  was 
then,  had  charge  of  the  Bill  transferring  the  government  of  India  from  the 
Company  to  the  Queen,  and  the  manner  in  which  he  piloted  that  historic 
measure  through  the  House  of  Commons  greatly  increased  his  reputation. 
At  a  later  period  he  twice  filled  the  post  of  Secretary  of  State  for  Foreign 
Affairs,  and  more  recently  he  was  Secretary  of  State  for  the  Colonies,  a 
position  he  had  occupied  for  a  short  time  in  earlier  years. 

Lord  Derby  was  much  sought  after  for  Royal  Commissions,  where  his 
practical  knowledge,  sound  sense  and  clear  judgment  were  of  considerable 
advantage  to  the  State.  He  served  as  a  Member  of  the  Royal  Commission 
on  Army  Purchase  (1856-7) ;  of  the  Cambridge  University  Commission 
(1856-60) ;  and  of  the  Commission  of  the  Organisation  of  the  Indian  Army 
(1858-9).  He  was  Chairman  of  the  Commission  on  the  Sanitary  State  of 
the  Indian  Army  (1859-61) ;  of  the  Commission  on  Patents  (1868-4) ;  of 
the  Commission  on  City  Guilds  (1881-2);  and  of  the  Commission  on 
Market  Rights  and  ToUs  (1888-90). 

Lord  Derby  was  distinguished  among  politicians  for  the  genuine  interest 
he  displayed  in  social  questions,  and  this  interest  with  him  was  not  a  thing 
of  yesterday. 

Not  a  few  scientific  or  academic  distinctions  fell  to  his  lot.  Among  the 
former  may  be  mentioned  his  Fellowship  of  the  Royal  Society.  His  alma 
mater  made  him  an  LL.D.,  and  Oxford  gave  him  her  degree  of  D.C.L.  He 
was  installed  Lord  Rector  of  Glasgow  University  in  1869,  and  Lord  Rector 
of  Edinburgh  University  in  1875.  He  succeeded  the  late  Earl  Granville  as 
Chancellor  of  the  University  of  London. 

Though  he  never  attempted  anything  so  elaborate  as  his  gifted  predeces- 
sor's translation  of  Homer's  Iliad,  he  was  nut  destitute  of  literary  skill. 
Among  the  pamphlets  he  wrote  was  one  on  the  Overland  Rtnife  to  the  Pacific, 
and  another  on  Church  Rates.  He  also  published,  as  a  young  man,  a 
readable  brochure,  entitled  Six  Weeht  in  Sonfh  America, 

Of  late  he  had  withdrawn  very  largely  from  active  politics.  In  many 
other  spheres  he  will  be  much  missed. 

Lord  Derby  died  on  April  20th,  1898. 

He  was  elected  a  Fellow  of  this  Society  on  March  19th,  1879. 

LoBD  Ebubt  was  bom  on  April  24th,  1801.  He  was  the  third  son  of  the 
second  Earl  and  first  Marquess  of  Westminster,  his  eldest  brother  sub- 
sequently succeeding  to  the  family  dignities  and  his  second  brother  becoming 
Earl  of  Wilton.  Lord  Ebury  was  consequently  uncle  to  the  present  Duke 
of  Westminster. 

Educated  at  Westminster  and  at  Christ  Church,  he  entered  the  House  of 
Commons  as  Whig  member  for  Shaftesbury  in  1822,  a  seat  which  he  held  for 
four  years.    From  1826  to  1847  he  represented  the  city  of  Chester,  and 
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1647  to  1857  the  eomity  of  Middlesex.  On  Lord  Ghrey  beeoming  Prime  : 
Mimster  in  the  antnmn  of  1880,  Lord  Ebnry,  then  Lord  Bobert  Grosvenor, 
beeame  Cknnptroller  of  the  Hoosehold,  and  in  Lord  John  RoBaell's  Ministry  ot  . 
1846  he  resnmed  offioe  as  Treasurer  of  the  Household  and  Groom  of  the  Stole 
to  the  Prince  Consort.  Eleven  years  later  he  received,  on  the  recommenda- 
tion of  Lord  Pahnerston,  the  honour  of  a  peerage,  taking  his  seat  in  the  Upper 
House  as  Lord  Ebnry.  At  the  time  of  his  death,  on  November  18th,  1898, 
he  vras  the  oldest  member  of  the  House  of  Lords.  He  was  also  far  the 
oUest  Privy  Connoillor,  having  been  a  member  of  that  body  some  years 
when  the  Queen  came  to  the  throne. 

Afl  a  politician  Lord  Ebury  filled  no  considerable  space  in  the  events  of  recent 
years.    He  was  much  more  concerned  with  matters  of  philanthropic  and  . 
religions  interest,  in  which  he  was  frequently  associated  with  the  late  Lord 
Shaftesbury. 

Lord  Ebory  always  took  a  great  interest  in  Meteorology,  and  in  1888  served 
on  the  Gooncil  of  the  original  Meteorological  Society  of  London.  In  the 
f€ik>wing  year  he  was  elected  President,  and  continued  to  hold  that  office  nntil 
the  dissolution  of  the  Society  on  August  14th,  1850.  Lord  Ebnry  joined 
the  newly  formed  British  (now  the  Royal)  Meteorological  Society  on  May  7th, 
1850,  and  was  then  elected  Yice  President,  a  position  which  he  occupied  till 
May  27th,  1856. 

WnuAM  John  Habbis  was  educated  at  the  Merchant  Taylors*  School,  and 
afterwards  proceeded  to  St.  Bartholomew's  Hospital  for  the  study  of  medi- 
cine. He  joined  his  father  in  practice  at  Worthing,  and  ultimately  became 
one  of  the  leading  medical  men  of  that  town. 

He  became  M.R.C.S.  in  1859,  and  was  a  member  of  several  Medical 
Societies.  He  was  President  of  the  South-Eastem  Branch  of  the  British 
Medical  Association,  1886-7. 

Mr.  Harris  took  a  prominent  part  in  all  the  social,  philanthropic  and 
educational  movements  in  Worthing.  He  was  a  member  and  for  several 
years  Chairman  of  the  Local  Board. 

He  suffered  much  from  paralysis  during  the  last  few  years  of  his  life,  and 
retired  from  practice  about  a  year  before  his  death.  Ue  died  from  typhoid 
fever  on  August  28th,  1898,  aged  55  years. 

Mr.  Harris  was  greatly  devoted  to  Meteorology,  and  took  observations  at 
Worthing  from  1867  to  the  time  of  his  death. 

He  was  elected  a  Fellow  of  this  Society  on  November  20th,  1867,  and 
served  on  the  Council  for  1875. 

Thomas  Hawkslbt  was  bom  at  Nottingham  in  1807.  He  was  educated 
as  an  architect  and  surveyor,  but,  having  an  inclination  for  mechanical  pur- 
suits, he  studied  diligently  the  sciences  necessary  to  enable  him  to  practise 
as  a  civil  engineer,  and  with  such  success  that  in  1880  he  undertook  the 
construction  of  new  waterworks  for  his  native  town.  The  knowledge  and 
0kill  he  e^ibited  in  these  works  led  to  more  practice  in  other  districts,  an4 


Digitized  by 


Google 


112  BBPOBT  07  THE  COUNCIL. — ^APPENDIX  XV* 

in  1852  he  removed  his  offices  to  London,  where  before  long  he  took  the 
highest  rank  in  that  branch  of  engineering  having  to  do  with  water  and 
gas  supply,  and  with  drainage  and  hydraulic  works  generally. 

Mr.  Hawksley  was  accustomed  to  say  that  he  had  constructed  above  150 
waterworks,  many  of  the  largest  character;  and  that  there  were  no  im- 
portant towns  in  Great  Britain,  and  indeed  very  few  great  cities  in  the 
civilised  world,  in  regard  to  which  he  had  not  beeu  professionally  consulted 
in  some  way  or  other.  He  is  especially  celebrated  for  having  been  the  first 
to  suggest  and  to  carry  into  practice  the  system  of  **  constant  service  "  in 
water  supply,  which  combined  the  most  free  and  ample  provision  of  water 
with  the  almost  perfect  repression  of  waste,  and  with  greatly  improved 
sanitary  conditions.  The  introduction  of  the  system  involved  many  diffi- 
culties and  much  opposition ;  but  he  always  spoke  of  his  success  in  it  with 
great  satisfaction  and  pride. 

It  must  not  be  supposed  that  municipal  engineering  in  the  days  of  Mr. 
Hawksley's  early  practice  meant  simply  building  and  mechauical  operations. 
It  involved  often  grave  and  novel  considerations,  and  it  was  his  merit  to 
bring  to  bear  upon  them  accurate  scientific  knowledge  and  careful  study. 
The  lucid  and  skilful  manner  in  which  he  was  in  the  habit  of  applying 
scientific  principles  to  his  professional  practice  was  well  known  to  engineers 
generally:  *' Mr.  Hawksley's  formulaB,"  **  Mr.  Hawksley's  data/'  "Mr. 
Hawksley's  general  results,**  and  so  on,  were  continually  adopted  as 
familiar  guides  by  his  professional  brethren,  and  were  quoted  as  authorities 
against  which  there  could  be  no  appeal. 

On  one  occasion  he  had  to  advise  on  the  drainage  of  one  of  the  largest 
towns  in  the  kingdom,  and  a  question  arose  involving  some  artificial  hydraulic 
conditions  of  much  greater  magnitude  than  usual.  Doubts  were  expressed  as 
to  the  feasibility  of  his  scheme;  but  Mr.  Hawksley  had  a  strong  impression 
that  the  ordinary  rules,  based  on  comparatively  small  experiments,  did  not 
apply.  He  accordingly  examined  the  question  thoroughly,  bringing  to  his 
aid  certain  recent  hydraulic  researches  by  eminent  French  mathematicians ; 
and,  with  the  help  of  the  writer  of  this  notice,  he  succeeded  in  showing  the 
practicability  of  the  plan  by  an  amount  of  scientific  evidence  which,  while 
it  was  perfectly  new,  was  absolutely  incontrovertible. 

Mr.  Hawksley  was  President  of  the  Institution  of  Civil  Engineers  for  the 
years  1872  and  1878,  and  of  the  Institution  of  Mechanical  Engineers  in 
1876  and  1877. 

In  1876  he  was  elected  President  of  the  National  Association  of  Social 
Science,  holding  their  meeting  at  Liverpool,  when  he  gave  an  address 
especially  remarkable  for  its  happy  application  of  statistics  to  sanitation. 
He  was  a  clever  and  lucid  writer,  and  his  keen  appreciation  of  scientific 
reasoning  gave  weight  to  his  opinions. 

He  was  elected  a  Fellow  of  the  Hoyal  Society  on  June  6th,  1878,  as 
being  '*  especially  distinguished  for  the  application  of  Science  to  Hydraulic 
Engineering." 
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'  Mr.  Hawksley  was  blessed  with  a  oonstitntion  which  prolonged  his  life 
and  energy  mnch  beyond  the  ordinary  lot  of  man.  lu  the  beginning  of 
September  1898, 68  years  after  his  appointment  as  engineer  to  the  Nottingham 
Waterworks,  he  undertook  one  of  his  cnstomary  tonrs  of  inspection  of  his 
works  in  progress  in  distant  parts  of  England ;  bat  a  fortnight  afterwards  he 
was  attacked  by  a  sadden  and  formidable  disease,  which  his  aged  frame  was 
not  able  to  resist,  and  he  died  at  his  residence  at  Kensington  on  September 
28rd. 
He  was  elected  a  FeUow  of  this  Society  on  Janaary  22nd,  1866. 

W.P. 

Geobgs  Mathews  Whipplb  was  bom  at  Teddington  m  1848,  where  his 
&ther  at  that  time  held  the  position  of  Master  of  the  Pablic  School.  He 
was  educated  at  the  Grammar  School  at  Kingston,  and  at  the  age  of  16,  in 
1858,  he  was  first  engaged  as  a  boy  at  the  Kew  Observatory,  at  which 
establishment  he  was  connected  for  the  rest  of  his  life.  He  became  Mag- 
netic Assistant  in  1862,  and  in  1876  was  appointed  Superintendent. 

In  discharge  of  his  Tarious  duties  in  connection  witiii  that  Observatory, 
Mr.  Whipple  became  identified  with  the  progress  of  most  of  the  researches 
carried  on  there  during  the  long  space  of  86  years.  Among  these  we  may 
specially  mention  the  pendulum  experiments  made  for  the  purposes  of  the 
Great  Trigonometrical  Survey  of  India,  and  the  anemometer  experiments  at 
first  commenced  under  Bir.  Jeffery  at  the  Crystal  Palace,  and  later  carried 
on  with  Mr.  W.  H.  Dines  at  Horsham,  the  results  of  which  have  appeared 
in  the  Reports  of  the  Wind  Force  Committee  in  the  Quarterly  Journal, 

Bir.  Whipple  was  the  author  of  the  magnetic  portion  of  the  Krakatoa 
Beport 

He  communicated  several  papers  to  the  Proceeding$  of  the  BoyaL  Society^ 
and  our  own  Quarterly  Journal  contains  no  less  than  22  papers  bearing  his 
name  either  as  sole  or  joint  author. 

He  served  on  the  Council  from  1876  to  1887,  for  two  years  acting  as 
Foreign  Secretary.  He  was  a  B.Sc.  of  the  London  University,  a  Fellow  of 
the  Boyal  Astronomical  Society,  and  an  active  Member  of  the  Physical 
Society. 

He  died  on  February  8th,  1898,  aflier  a  long  and  very  painful  iUness,  at 
the  age  of  60  yeeors,  and  all  who  knew  him  mourn  his  loss  as  a  thoroughly 
conscientious  worker,  a  most  courteous  official,  and  a  warm  friend. 

He  was  elected  a  Fellow  of  this  Society  on  April  18th,  1874. 

B.  H.  8. 


APPENDIX  V. 
BOOKS  PUKOHASBD  DUBING  THE  TIBAB  1898. 

Ahdbbson,  a.  C—  The  Dominion  at  the  West,  a  brief  description  of  the 
province  of  Britiah  Columbia,  its  climate  and  resources.    8°.    (1872.) 
B[ubton]  ,  B.— The  surprizing  miracles  of  nature  and  art.    24mo.  (1688.) 
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GoLLBonoN  of  meteorological  oatdngs  from  the  QendemcaCs  Magazine^  London 
Maffazine^  and  Universal  Atagazinet  1785  to  1758.  ^ 

Davy,  J. — Notes  and  observations  on  the  Ionian  Islands  and  Malta.  Two 
vols.    8^.    (1842.) 

EijK,  J.  A.  van. — ^Meteorologiaohe  Waamemingen,  gedaan  voor  de  Maateohappq 
Felix  Meritis,  te  Amsterdam.    Van  V  Dec.  1849-l°Dec.  1852.    F°.    (1850-2.) 

Fran<;!0Is,  B. — ^Essay  das  merveilles  de  nature,  et  des  pins  nobles  artifices. 
Neufi^me  Edition.    8°.  (1044.) 

FuLLEB,  A—  South  Africa  as  a  health  resort.    Second  edition.    8°.    (1889.) 

QooDissoN,  W. — ^A  historical  and  topographical  essay  upon  the  islands  of  Goitft, 
Leucadia,  Cephalonia,  Ithaca,  and  Zante.    8°.    (1822.) 

Hall,  0.  B. — ^Torquay  in  its  medical  aspect  as  a  resort  for  pulmonary  invalids. 
12°.     (1857.) 

Hellmann,  G. — Neudrucke  von  Schriften  und  Earten  dber  Meteorologie  und 
Erdmapietismus.  No.  1.  L.  Bej^nman.  Wetterbnchlein  von  wahrer  £r- 
kenntmss  des  Wetters.    1510.    Facsimiledruok  mit  einer  Einleitung.   4^    (1898.) 

— — ' No.  2.     Blaise  Pascal.     iUcit  de  la  Grande  Experience  de 

rEquilibre  des  Liqueurs.  Paris,  1648.  Facsimiledruck  mit  einer  Einleitung. 
4"^    (1898.) 

HiLLABT,  W.  Observations  on  the  changes  of  the  air,  and  the  concomitant 
epidemical  diseases  in  the  Island  of  Barbadoes.    8°.     (1759.) 

HuoHES,  S.— A  treatise  on  Waterworks.    New  edition.     12°.     (1875.) 

HuifBOLDT,  A.  de  — Asie  Centrale.    8  vols.    8°.     (1848.) 

Huxley,  T.  H.— Physiography.    8°.    (1890.) 

Index  Geooraphigus  ;  compiled  specially  with  reference  to  Keith  Johnston's 
Boyal  Atlas.    8°.    (1864.) 

Kbbbbll,  W.— The  climate  of  Brighton.    12°.    (1859.) 

L'AsTBONOMiE,  1898.    8°.    (1898.) 

Lawson,  H. — ^A  paper  on  the  arrangement  of  an  observatory  for  practical 
Astronomy  and  Meteorology.    8°.    (1844.) 

[M ,  J.  B.]— A  companion  to  the  Anglo  Chinese  Ealendar,  1882. 

8°.     (1882.) 

Maomab,  J. — Catechism  of  the  Law  of  Storms  for  the  use  of  sea  officers. 
New  and  enlarged  edition.    8°.    (1890.) 

MAm>BN,  T.  M.— On  change  of  Climate.    8°.    (1864.) 

Mathbb,  I. — ^An  essay  for  the  recording  of  illustrious  Providences.  8°. 
(Library  of  Old  Authors.    Beprint.) 

Mbtoautb,  S.  L.— Caloric    In  2  vols.    8°.    (1848.) 

Meteobolooical  Bbqisteb  kept  in  Sussex  (probably  at  or  near  Petworth), 
June  1772  to  June  1778.    P°.    (MS.) 

New  Bbunswigk,  St.  John,  jBoabd  of  Tbadb. — Beport  of  the  Special  Com- 
mittee on  the  Bay  of  Fundy  and  Harbor  of  St.  John,  NJB.    8°.    (1887.) 

Official  Yeab  Book  of  thb  Scientific  and  Leabned  Societies  of  Great 
Britain  and  Ireland,  1898.    8°.     (1898.) 

Pbel,  W.— A  ride  through  the  Nubian  Desert.    8°.    (1852.) 

SifOLLETT,  T.— Miscellaneous  works.  Vol.  V.  8°.  (1800.)  [ContaLns  a 
register  of  the  weather  at  Nice,  Nov.  1763  to  March  1706.] 

Vincb,  S. — ^An  account  of  a  very  remarkable  Waterspout  at  Bamsinte  in  the 
afternoon  of  July  16, 1810.    4°.    (1816.)  ^ 

Waldo,  F.— Modem  Meteorolo^.    8^    (1898.) 

Whistlecbaft,  0. — Meteorological  Journals  kept  at  Thwaite,  1827-1892.  24 
vols.    (MS.) 


APPENDIX  VL 
DONATIONS  BEOEIVED  DURING  THE  TBAB  1893. 

Presented  by  Societies,  Institutions,  &e. 

Adblaidb,  OBSBBTATOBT.—Meteorological  ObserrBtions  made  at  the  Adelaide  Obser- 
vatoiy  and  other  pFaoes  in  South  Anstralhi  and  the  Northern  Terntonr,  lf)8f -5  and 
iBOC— Bainfall  in  South  Australia  and  the  Northern  Ttotitoty,  Aug.  18»3  to  Jidy  1893, 
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AuASABifls  Mam^voLOonuLL  Omcm.— Anaiial  Bttttemeoi  of  BaiolaU  ia  the  Noiih- 
WeBtem  Pvovkioeg  and  Oodh,  1892. 

Babbadobs,  GoiiONiAx.  Sbobbtabt's  Om(B.^Betiini8  of  Baialall  in  Barliadods,  Beo. 
13, 1882,  to  Deo.  3,  1893. 

Batatia,  Magnbtical  ahd  MBTBOBOI.0OIGAL  Obbbbyatobt.— ObserTfttions,  1891.— 
BfliniUi  in  Ihe  Sast  IncUsn  Arohipelago,  1891 . 

Bbblih,  Dbutbohe  Mbtbobologbbohb  GbsbiiLBcbait. — ^Meteorologiflohe  Zeitsohrift, 
Dee.  1892  to  Nov.  1898. 

Bbbun,  Obbbllbohatt  Fthi  Ebdkubdb.— Verhandlnngen,  Band  XIX.  No.  9  to  Band 
XX.  No.  7.— Zeitaehrift,  Band  XXVn.  No.  4  to  Band  XXYIIL  No.  3. 

Bbbun,  X6n.  Pbburb.  Mbtbobolooisohbb  Instftut.— Berioht  uber  die  Thatigkeit, 
1891  and  1892.— Exgebnine  der  Beobaohtongen  an  den  Stationen  U.  nnd  Ul.  Ord- 
nong  1893.— Ergebnisse  der  meteorologisohen  Beobaohtangen,  1892,  Heft  2,— Brgeb- 
nine  der  Niedenehlags-Beobaohtungen,  1891. 

Bombay,  Mbtbobolooioal  QvncB.— Brief  Bketoh  of  the  Meteorology  of  the  Bombay 
Preridenej,  1891-3. 

BoBTOB  fMAM.),  Blub  Hzui  Obbxbtatobt. — ^Meaaoiemente  of  cloud  heights  and 
Teloeities ;  by  H.  H.  Clayton  and  S.  P.  FergoBson.— Observations,  1891. 

Bostob  (Mass.),  Nbw  EkoIiANI)  Wbaxhbb  Sbbvicb.— Bolletin,  Deo.  1892  to  Not.  1893. 

Bbbmbh,  Mbtbobologxsohx  Station. — Brgebnisse  der  meteorologisoben  Beobaoh- 
tongen, 1891. 

Bbibbamb,  Chzbv  Wbatbbb  Bubbau.— Meteorologioal  Beport,  1888-91.— Notes  on 
some  of  the  more  common  diseases  in  Qneensland  in  relation  to  atmospherio  conditions, 
1887-91,  by  Dr.  D.  Hardie.— Summaries  of  rainfall  in  Queensland,  Oct.  1891  to  Sept. 
189S. 

Bbisbahb,  Obrbbal  Bboxstbb  OmOB.— Annual  Beport  by  the  Begistrar  General  of 
Queensland,  1892.— Beport  on  the  vital  statistics,  Nov.  1892  to  Sept.  1898. 

Bbdbahb,  Qubbhslahd  Bbabgh  ov  thb  Botal  Gboobaphioal  Sogebtt  ov  Aubtbalasia. 
— FMoeedings  and  Transactions,  Vol.  VIIl.,  1892-8. 

Bbussbls,  AcADiioB  BoxAiiB.— Aunuairc,  1892-8.  Bulletins,  Tomee  XXIL-XXY*, 
1891-8. 

Bbubbbls,  IirenTUT  Natiohal  ve  OiooBAVEia.— Bulletin  M6t6orologique,  Dec.  1892 
to  Nov.  1898. 

Bbubsblb,  Obobbvatoibb  Boial  db  BbiiOIQUb.— Annales.  Observations  mMoto- 
logiques  d'Ucole,  June  to  Dec.  1892.— Annnaire,  1893. 

BuDAFBST,  E.  Uno.  Gbntbal-Anstalt  fOb  Mbtbobolooib  nin>  Ebdkaohbtibuub.— 
Jahrbuch,  1890. 

Bukhabbst,  Irstttut  MAtAobolooique  db  Boumamib.— Annales,  1890.— Baletinnl 
Obflervationilor  Meteorologice  din  Bomania,  Aug.  and  Deo.  1892,  and  Jan.  to  Nov. 
1893.— Be8om6  des  Observations  MMorologiques  de  Bukharest  (Fiiaret)  pour  1890, 
et  pour  la  p6riode  de  1885-90,  par  8.  G.  Hepites. 

Cado,  Sodfedc  KHkDifiAiJi  db  G^oobaphib. — ^Bulletin,  nie  84rie,  Nos.  11  and  12. 

Galoutta,  Mbtbobou>oigaij  Dbpabtmbnt  or  the  Gotbbnmbnt  or  Indu.— Gyclone 
Hemoirs,  No.  6.  Account  of  the  three  cyclones  in  the  Bay  of  Bengal  and  Arabian  Sea 
during  Nov.  1891,  by  J.  Eliot.— Daily  Weather  Charts  of  the  Indian  Monsoon  Area, 
Jan.  1  to  July  17, 1898.— lodian  Daily  Weather  Beports,  Dec.  6,  1892,  to  Dec.  8,  1893. 
—Indian  Meteorological  Memoirs,  Vol.  lY.  part  8,  and  Vol.  Y.  parts  2  and  3.— Memor* 
andum  on  the  snowfall  in  the  mountain  districts  bordering  Northern  India  and  the 
abnormal  features  of  the  weather  in  India  during  the  past  five  months  [Jan.  to  May] » 
with  a  forecast  of  the  probable  character  of  the  South-west  Monsoon  rains  of  1893.— 
Monthly  Weather  Beview,  June  1892  to  July  1893.— Bainfall  data  of  India,  1891  and 
1892. — ^Begisters  of  original  observations,  reduced  and  corrected,  June  1892  to  July 
1898.— Beports  on  the  Administration  of  the  Meteorological  Department  of  the  Govern^ 
ment  of  India,  1891-8.— Report  on  Calcutta  Cyclone  of  Oct.  5,  1864;  by  LieQt«-CoL 
J.  £.  Gastrell  and  H.  F.  Blanford. 

GAn  Town,  Mbtbobolooioal  Comhission. — ^Beport,  1892. 

Ghbmbitz,  EOmiol.  baohbibohbb  kbtbobolooischbs  Institut. — Das  Elima  des 
Kdnigreiohee  Sachsen.  flefte  1  and  2.— Ergebnisse  der  meteorologisohen  Beobaoh- 
tnngen,  1892, 1.  Halfte.— Jahrbuoh,  1891,  part  8,  and  1892,  part  3. 

Ghbibtiabxa,  Nobskb  Mbteobolooibkb  Irstitqt.— Jahrboch,  1891. — ^Nedborhoiden  i 
Nofge,  beregnet  efter  observationer  1867  til  1891  af  det  Meteorologiske  lostitut. 

GoLOMBOy  SuBVBTOB  Gbhbbal's  OmoB.  -^Bcport  on  the  Meteorology  of  Ceylon,  1892. 

GoPBBBAoav,  Dahsxb  Mrtbobolooiskb  Institut.— Bulletin  M6t^rologique  du  Nord. 
Dec.  1892  to  Oct.  1893.— tf  eteorologisk  Aarbog,  1890,  part  2,  and  1892,  part  1. 

GoBDOBA,  AoADBMTA  Naoiobal  DB  GiBNOiAS.— Boletiu,  Tomo  X.,  part  4j  and  Tomo 
XL,  part  4. 

Gbaoow,  K.  K.  Stbbhwabtb.— Meteorologische  Beobaohtungen,  June  1892  to  July 
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Obotdok,  Mioboboopioal  and  Natural  Histobt  Olitb. — ^Daily  lUinfall  in  the  Oroydon 
distriet,  Dee.  1892  to  Oct.  18g8.-.Beport  of  the  Meteorological  Sob-Oommittee  for  1892, 
DoBPAT,  Obsbbtatoriuii.— MeteorologiBohe  Beobaehtnngen,  1893. 
Dublin,   Qbhbbal  BBaiSTBB   OFnoB.~AimaBl  Report  of  the   Begistrur-Qeneral 
(Ixeland),  1891.— Weekly  Betoms  of  Births  and  Deaths,  1898. 

Dublin,  Botal  Ibibh  Agadbxt. — Proceedings,  Third  Series,  YoL  IL  No8.  8-5,  and 
Vol.  m.  No.  I.— Transactions,  Vol.  XXX.  parts  MO. 

Edjnbuboh,  Fishbbt  Boabd  fob  Sooiland.— Annual  Beport,  1892,  part  8.  Sdentifio 
InTcstigations. 

Edinbuboh,  Qbnbbal  Bboistbb  OFnoB.—Qoarterly  Betnms  of  the  Buths,  Marriages 
and  Deaths  registered  in  Scotland  for  the  four  qaartertf  ending  Sept.  30,  1898. 

Bdinbuboh,  Botal  Soottish  Qboobaphigal  Sooibtt.^  Scottish  Qeographical 
Magazine,  1893. 

Edinbuboh,  Scottish  Mbtbobolooigal  SooiBTT.—Gnide  to  Ben  Nctis,  with  an 
accoant  of  the  foundation  and  work  of  the  Meteorological  Obsenratory.— ^oamal. 
Third  Series,  No.  9. 

FiuxB,  L  B.  AooADBMU  Di  Mabxna.— Mcteorological  Obserrations,  Jane  1892  to  Juno 
1893. 
Gbneta,  SociiTi  DB  GiooBAPHiB.— Le  Globe,  Tome  XXXII. 
Glasgow,  Philosophical  Socibtt.— Proceedings,  Vol.  XXIV.,  1892-8. 
Gbbbnwich,  Botal  OBBBBTATORT.—Magnetical  and  Meteorological  Obseryations,  1890. 
—Beport  of  the  Astronomer  Boyal  to  the  Board  of  Visitors,  1893. 

Hambubo,  Dbutbohb  Seewabtb.— Ans   dem  Arohiv,   1892.— Deutsche  dberseeisohe 
meteorologische  Beobachtongen,  Heft  V.— Ergebmsse  der  meteoxologischen  Beobach- 
tongen  in  Deatschland,  1891.— Wetterbericht,  1893. 
HoNO  EoNO,  Obsbbvatobt. — Observations  and  Besearehes,  1892. 
Eablsbuhb,  Gbntbalbubbau  fOb  Meteobolooib  und  Htdboobaphib  ih  Gbobshbbzoo- 
thum  Baden. — ^Die   Ergebnisse  der  meteorologischen  Beobachtongen,  1892. — ^Nieder- 
schlagsbeobachtungen  der  meteorologischen  Stationen  im  Grossherzogthum  Baden, 
1892,  part  2. 
Ebw,  Obsbbyatobt. — ^Beport  of  the  Eew  Committee,  1 892. 

EiBw,  Obbbbyatoibb  MiT^oBOLooiQUB  DB  L'UNiTBBSiTi.^Etnde  sor  la  ooaehe  de 
neige  dans  le  Bassin  da  Dni^pre,  Got.  1892  to  Jan.  1893.— Observations,  1892. 

Lbon,  Escubla  DB  Inbtbuocion  Sboundabia.— Besomen  general  de  las  obserfaoiones 
meteorologicas,  1891. 

Lisbon,  Socibdadb  db  Gbogbaphia.— Boletim,  Ua  Serie,  No.  3  to  12a,  SerieNo.  2. 
Indices  e  Gatalogos.    A.  Bibliotheca,  I.  Obras  Impressas.    Primeiro  Annezo. 
LiYBBPooL,  Obsbbtatobt. — Metcorological  Besmts,  1889-91. 
London,  Bbitish  Absooiation.— Beport,  1891. 

London,  Colonial  OrFiCB.— Annual  Meteorological  Beport,  Straits  Settlements,  1892. 
— ^Annual  Beport  of  the  Director  of  the  Boyal  Alfred  Observatory,  Mauiitios,  1891.—- 
Frost  in  Hong  Eong. — Observations  and  Besearehes  at  Hong  Eong  Observatory,  1892. 
—The  cold  wave  of  Jan.  1891  in  Hong  Eong.    By  S.  B.  J.  Skertchly. 

London,   Gbnebal  Kboistbb   Officb. — Annual  Summaty  of  Births,  Deaths,  and 
Causes  of  Death  in  London  and  other  great  towns,  1892. — Quarterly  Betums  of 
ICaniages,  Births  and  Deaths,  for  the  four  quaiters  ending  Sept  30,  1898. — ^Weekly 
Betums  of  Births  and  Deaths,  1893. 
London,  Gbolooioal  Sooibtt.— Quarterly  Journal,  Nos.  198  to  196. 
London,  Institution  of  Elbotbical  Enoinbbbs. — Journal,  Nos.  101  to  107. 
London,  Juniob  ENOiNEBBnia  Sooibtt.— Becord  of  Transactions,  Vol.  H.,  1891-2 
London,  Mbtboboloqical  Offiob.— Askv&dren  i  Finland,  1891.    Af  A.  F.  SundelL— 
Bulletin  quotidien  de  TAlgdrie,  June,  July,  and  Nov.  1892  to  Nov.  1893.— Daily 
Weather  Beports,  1893.— Hourly  means  of  the  readings  obtained  from  the  self-reoordinff 
instruments  at  tiie  four  Observatories  under  the  Meteorological  Council,  1889  and 
1890.— Meteorological  Observations  at  Stations  of  the  Second  Order,  1888. — Observa- 
tions made  with  reference  to  the  Temperature  of  the  Earth  [1 838-47  j  in  the  Garden  of 
the  Boyal  Horticultural  Society  at  Chiswick.    By  B.  Thompson.- Beport  of  the  Inter- 
national Meteorological  Conference  at  Munich,  Aug.  26  to  Sept  2, 1891.— Beport  of  the 
Meteorological  Council  to  the  Boyal  Society  for  the  year  ending  March  31,  1892.— 
Weekly  Weather  Beports,  1898.— Wypadki  Spostraes^n  Meteorologioanyoh  dokonanych 
wroku    1889   na    Staoyjaoh   Meteorologicznych   ursadzonych  staraniem    Sekoyi  IL 
Warssawskiego  Oddzialu  Towarzystawa  popierania  przemydu  i  handln.    (Tabl  L) 

London,  Photoobaphio  Sooibtt  of  Gbeat  Bbitain. — Catalogue  of  the  libraiy  and 
Museum,  July  1898. 
London,  Phtsioal  SooiBTT.^Proceedings,  Nos.  47  and  48. 

London,  Botal  Aobzoultubal  Sooibtt.— Journal.  Third  Series,  Vol.  IIL  part  4  to 
Vol.  IV.  part  3. 

London,  Botal  Astbomomioal  Sooutt,— Monthly  Notices,  Vol.  LIILNo.  2,  to  Vol. 
UV.No.l« 
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LoHDOH,  BoxAL  BoxAHio  SooBR.— Quarterly  Beoord,  NO0.  52  to  55. 

LovDOH,  BoTAL  Insxitutioh  OF  Qbbat  Bbtcaim. — PtooeedingB,  No.  86, 

LoBDOM,  BoxAL  SodSTT. — ^FTooeedingB,  Nos.  817  to  327. 

LoMDOH,  Sanitabt  Ihbtitutb. — ^TraiuaotionB,  Vol.  XIIL  1892. 

LoMDOH,  SoGBTY  ov  ABT8.~Joiinial,  1898. 

Madbab,  Mbtbobolooioal  Otfiob. — Hourly  Meteorological  Obeerrations,  Jnn.  1856  to 
Feb.  1861.— Madras  Weather  Chart,  Not.  1  to  16,  1898. 

MADBm,  Obsbbyaiobzo.— Observadones  meteorol6gioa8,  1890-1. — ^Beaomen  de  laa 
oboenraoiones  meteorol^gicas  efectoadas  en  la  Peninsma,  1890. 

Madbid,  Sogzbdad  6BOGBAnGA.~Boletin,  Tomo  XXXTTI.  No.  4  to  Tomo  XXXY. 
No.  8. 

Magdbbubo,  Wettbbwabtb  dbb  Maodbbuboughbh  ZBinmo.— Jahrbnoh,  1891. 

MAB0BB8TBB,  LiTEBABT  AMI)  Philobophical  Socibtt.— Memoin  and  Prooeedings. 
Fourth  Series,  VoL  VI.  and  Vol.  VII.,  parts  1  to  8. 

Mabila,  Obsbbtatobio  MBixoBOLoaioo. — ^El  Magnetismo  Terrestre  en  Filipinas. 
Por  el  P.  B.  Girera,  S.J.— Obserraciones  yerifioadas,  Oct.  to  Dee.  1891,  and  Jan.  and 
Maioh  1892. 

Mablbobouoh,  Ck>LLBaB  Natubal  Hibtobt  Sooibtt.— Beport,  1892. 

MabSBZLLBS,  GoiOaBBIOll  DB  MiTioSOLOOIB  J>U  DbPABTBIIBHT  DBS  BonoHBB-DU-BHoin. 
-^bnlletin  Annuel,  1891. 

Maubitzus,  Boxal  Alvbbd  OBSXBTAiOBX.^Anniial  Beport  of  the  Director,  1891.-* 
Meteorological  Obeerrations,  1892. 

Mblboubnb,  Obsbbyatobx.— Becord  of  Besults  of  obseryations  in  Meteorology,  Terres- 
trial Magnetism,  (fee.,  July  to  Deo.  1892. 

Mbxioo,  Oentbal  Mbtbobolooioal  Obsbbtatobx. — ^Anales  del  Ministerio  de  Fomento 
de  la  Bepublioa  Mezicano,  Tomo  IX.~Brief  historical  sketch  of  the  meteorology  in  the 
Mexican  Bepablio.— £1  Clima  de  la  Oiadad  de  Mexico.  Por  M.  BAroena.— General 
sommaty  of  the  meteorological  obseryations  taken  in  seyeral  localities  of  the  United 
States  of  Mexico.~Besmnen  del  afio  de  1892.— Senrioio  Plnyiometeico  Besomen  dal 
ano  de  1892.~Sunmary  of  16  years*  obseryations  (1877-1892;. 

Mbxioo,  Socudad  CESMTmcA  "  Amtohio  Alzazb.*' — Memorias,  Tomo  VI.  No.  8  to 
Tomo  Vn.  No.  2. 

MiomaAH,  SxATB  Boabd  'ox  Hbaltb,— Annnal  Bepcnrt  of  the  Secretary  for  the  year 
ending  June  80, 1890. — ^Principal  Meteorological  Conditions  in  Michigan,  1890. 

MiLAH,  B.  OssBBYATOBio  Di  fisBBA. — Osseryaalone  Meteorologiehe,  1892. 

Moscow,  RodiTi  iMFiBiALB  dbs  NAznBALi8Txs.--^Biill6tin,  1892,  No.  8  to  1898,  No.  8. 

Munich,  K.  B.  Mbtbobolooisohb  Obxttral- Station. — ^Beobachtongen  der  meteoro- 
logischen  Stattonen  in  K5n.  Bayem,  Jahr^ang  XIV.  Heft  8  to  Jahrgang  XV.  Heft  2.— 
— Uebenuoht  fiber  die  WittenmgsyerhaltniBse  in  Edn.  Bayem,  Noy.  1892  to  Oct.  1898. 

Natal,  Obsbbyatobx. — Beport  of  the  Qoyemment  Astronomer  for  the  year  ending 
Jnne  80, 1892. 

Nbuohatbl,  SoodtT^  Nbuohazbloibb  3)b  GiooBAPHiB.— Bnlletin,  Tome  VH.,  1892-8. 

Nbwhaybn,  GoNNBoncuT  AoADBicx  ox  Abts  and  Soibnobs.— Transactions,  Vol.  VIII. 
part  2,  and  Vol.  IX.  part  1. 

Nbwsaybn,  Obsbbyatobx  ox  Talb  Uniybbsitx.— Beport,  1802-3. 

NbwTobk,  Aoadbvx  ox  SoiBNOBS.~Tran8action8,  VoL  XIL,  1892-8. 

Nbw  Tobk,  Cbntbal  Pabx  Obsbbyatobx.— Abstracts  of  registers  from  self-recording 
instrmnents,  Noy.  1892  to  Oct.  1898. 

Odbssa,  Mbtbobolooisohbs  Obsbbyatobiux  dbb  Nbubussischbn  UniybbsitIt.^ 
Meteorologisehe  Beobaohtnngen,  1892. 

Pabis,  BxniBAU  Cbntbal  MiTioBOLOOiQUB  db  Fbanob. — Annales,  1890.— Bulletin 
International,  1898. 

Pabis,  Obsbbyatoibb  db  la  Toub  Saint-Jaoqubs. — ^L'Atmosphtee,  Dec.  1892  and 
Jan.  1898. 

Pabis,  SociiT^  BfirAoBOLOOiQUB  db  Fbanob.—  Annnaire,  July  1892  to  June  1898. 

Pbiladblphia,  Axbbican  Philobopbical  Sooibtx. — Proceedings,  Nos.  139  to  141. 

PoLA,  K.  E.  HxDBOOBAPHiBOHBS  Amt. — Mcteorologische  und  magnetische  Beobachtun- 
gen,  Noy.  1892  to  Oct.  1898. 

Pbaoub,  S.  K.  Sxbbnwabxb.— Magnetische  und  meteorologisehe  Beobachtnngen, 

Pubbla,  Obsbbyatobio  Mbtbobolooioo  dbl  Oolboio  dbl  Estado.— Besumen  corres- 
pondiente  a  cada  dia,  July  1892  to  March  1898. 

BioDB  Janbibo,  Obsbbyatoibb.— Annuario,  1892. 

BocBBSTBB,  U.S.,  AoADBMX  OX  SoiBNCBS. — Proceedings,  Vol.  II.  parts  1  and  2. 

Bomb,  Bfboola  Vatigana. — Glassificazione  delle  Nubi.— Pnbblioazioni ;  Fasoioolo  III. 

Bomb,  Uxncio  Cbntbalb  Mbtbobolooioo  b  Gbodinamioo  Italiano. — ^Annali,  Serie 
secoDda,  VoL  XI.  1889,  parts  1  and  2. 

San  Josi,  Instituto  Fisioo>GBOOBAnoo  x  dbl  Mubbo  Naoioval  db  Costa  Bxoa.— 
Anales,  Tomo  HX.  1890, 
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San  Luis  Poron,  Obshbtatobio  MsvaoBOLOozco  i>b  Ck»LB<iiD  flmnri— o,  -  Jtotmnon 
de  las  observacWes,  1892. 

San  Saltados,  Inbtituto  Naozokal. — ObienraoioneB  meteorol6gioa0,  Mfurah  to  Sept. 
1893. 

San  Saltadob,  Obsbbyatobio  A8tbon6mioo  t  MsTsoB(«i6ftioo. — ^Anaario,  1898. 

Shanohai,  Hbtbobolooioaii  SoonBTT. — First  Aimaal  B^xirt,  1892. 

SouTHPOBT,  Mbtboboiiooicaxi  Dbfabtxhnt.— Beport  and  fiesnltB  of  obBertatioDB, 
1892. 

.    Stocxholh,    K.    Sybnbsa    yBTBN8XAPs-AKADEia.~Meteoiologi8ka    laktlagetfler  i 
Sverige.  1892. 

Stockholu,  MetboboiiOoissa  OBNTBAL-ANSTALT.—M&nadsdfversigt  af  Yaderlokeii 
i  Sverige,  Nov.  1892  to  Oct.  1893. 

Stonthubbt,  Oouibob  OBBBBTATOBT.—BeBnltfl  of  Magnetioal  and  Meteorological 
ObservationB,  1892. 

St.  Pbtebsbubo,  K.  Asadbmib  dbb  Wibbsnbohattbn.— Bepertorinm  fOr  lleieoro- 
logxe.    Band  XV. 

St.  Pbtebsbubo,  Phtbikalibohbb  Obntbal  Obsbbvatobium. — Annalen,  1891. 

Btbasbubo,  MetboboiiOoisohe  Cbmtbal-Station.— Ergebniflse  der  meteorologiBohen 

Beobachtnngen  im  Beichaland  BlsasB-Lothringen,  1891. 

.  Sydney,  Obsebtatoby.— Meteorological    Observations,  Joly  1893  to  Jane   1898.— 

'  Besolts  of  Meteorological  Observations  made  in  New  Soath  Wales,  1890. — ^Besnlts  of 

Bain,  Biver,  and  Evaporation  Observations  made  in  New  Soath  Wales,  1891.— Weather 

Charts,  Oct.  1891  to  Deo.  1892. 

Sydney,  Boyal  Socxbty  ot  New  South  Wales.— Joomal  and  Pioceedings,  YoL 
XXVI.  1892. 

Taoubaya,  Obsbbyatobio  Abtbonomico. — Temperatora  dd  saelo  observadas  en  el  afio 
de  1892.    Por  M.  Moreno  y  Anda. 

Tanakabive,  Obsbbvatoibb  Boyal  db  Madaoaboab.— Obeervations  MMorologiqaeB, 
1891. 

Tasmanu,  Meteobolooioal  Depabtment.— Beports,  1891  and  1893. 

TiFUB,  Physikalische  Obbbbvatobiuii.— Beobachtangen,  1891.~Beobaohtangen  der 
Temperatur  des  Erdbodens,  1886-7. 

Toxio,  Oentbal  Meteobolooioal  Obsbbyatoby  of  Japan.— Annoal  Beport,  1891, 
parti. 

ToKio,  Impebial  XJniybbsity  of  Japan.— Calendar  for  1892-8 

ToBONTO,  Mbtbobolooioal  Office.— Monthly  Weather  Beview,  Sept.  1898  to  Jane 
1893.— Toronto  General  Meteorological  Register,  1892. 

Tbibbtb,  Osbebyatobio  Mabsftimo.— Bapporto  Annaale,  1890. 

TUBIN,  ASSOCIAZIONE  ItALIANA  PBB  LB   (>96BBYAZIONI  DBLLB  MbTHOBB  LuUNOSB.— IiO 

Stelle  Oadenti  dei  periodi  di  Agosto  e  di  Nov.  1S90-1  osservate  in  Italia. — Oflservazioni 
delle  Meteore  Lominose,  1892-3. 

TuBiN,  Osbebyatobio  della  B.  UniybbbitI.— OBservazioni  MeteorologiBohe,  1891  and 
1892. 

TuBiN,  Bbalb  Osbebyatobio  AsTBONOiaco. — II  Clima  di  Torino. 

TuBiN,  SocibtX  Mbteobolooiga  Italiana.— Bollettino  mensaale  poblicato  per  oora 
deir  Osservatorio  Centrale  del  Beal  CoUegio  Carlo  Alberto,  Dec.  1892  to  Nov.  1898. 

TuY,  Obsbbyatobio  Mbteobol6oico  del  Coleoio  db  la  Companu  db  Jeb^tb  bn  la 
QuABDiA. — Estadio  sobre  las  Borrascas  en  la  Coeta  Occidental  de  Galicia ;  por  el  P.  B. 
Merino,  S.  J.     Besumen  por  dteadas  j  meses  de  las  observaoiones  meteorologicas,  1891. 

Upsala,  Obsbbvatoibb  M^t£obolooiqub  db  L'UNiYBBsrrfi.— Balletin  Mensael,  1893. — 
BaUetin  Mensnel.  Appendices :  Becherohes  snr  le  Olimat  d'Upsal.  I.  Plaies,  par  T. 
Wigert.— Des  principafes  m^thodes  employees  poor  observer  et  mesurer  les  noages. 
Par  H.  H.  Hildebrandsson  et  X.  L.  Hagstrdm. 

Utbbcht,  E.  Nbdeblandbgh  Mbtbobolooiboh  Inbtitut.— Nederlandsoh  Meteoro- 
logisch  Jaarboek,  1892.— Onweders  in  Nederland,  1891-3. 

Vienna,  E.  K.  Centbalanbtalt  fub  Metbobolooie  und  Bbdkaohetibmub.— Beobaoh- 
tangen.  May  1892  to  Jane  1893.— Erster  Jahres  Bericht  des  Sonnbliek-VereineB  fOr  das 
Jahr  1892.— Jahrbucher,  1891. 

Vienna,  Obbtbbbbiobibohb  Obsbllsohaft  fOb  Mstbobolooxb.- .MeteorologiBche 
Zeitschrift,  Dec.  1892  to  Nov.  1893. 

Wabhinoton,  Gbolooioal  Bubyby.— Annual  Beport,  1889-90 ;  by  J.  W.  Powell. 

Washington,  Hydboobaphio  Office.- Pilot  Charts  of  the  North  Atlaatio  Ocean, 
1898.— Wreck  Chart  of  the  North  Atlantic  Coast  of  America,  1887-91. 

Wabhinoton,  Naval  Obbbbyatoby.— Beport  of  the  Saperintendent  for  the  year  ending 
Jane  80,  1893. 

Washington,  SmrHSONiAN  Institution.— Mechanics  of  the  Earth's  AtmoBphere.  A 
collection  of  Translations  by  0.  Abbe.— Smithsonian  Meteorological  Tables.      [1898.] 

Washington,  Weathbb  Bubbau.— Certain  dimatic  featores  of  the  two  Dakotas.  By 
Jji^at.  J.  P.  Finley.— Dioxnal  variation  ol  baroiiietrio  preflsoie.    By  F*  N.  Ool%Ph.  D, 
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— MoDtiily  Weftlher  Beviaw,  Ooi.  1892  to  Sept  1898.— Beport  of  B£r.  OUyer  L.  Fassig, 
Bibliognpher  aad  {jibnuriao.--B«part  of  ihjB  Ohiel,  1892.— Beport  of  the  StodiM  of 
Atmoepheiie  Blaetrifiitr.  By  T.  0*  MeQdeiiliaU.~Bepon  on  the  Giimatology  of  the 
Ootton  PlBnt.    By  Dr.  P.  H.  MelL— The  Olimate  of  Cluoa^    By  H.  A.  Haxen. 

Wattobd,  Hbbttobdshibb  Natubal  Hisxobt  Society.— Transactions,  Yd.  VI L 
partes  to  6. 

WxLLiaaTQM,  Bboisxrab-Gxiixbaii^s  OnnciB.~Bew  Zealand  Official  Tear  Book,  1898. 
--Btatiflties  of  the  Golciiy  of  New  Zealand,  1891. 

WuAonnoii  (kod^aw,  Katusazi  ScmraB  Sooibtt.— Annnal  Beport,  1892. 

Zx-sa-Wbi,  OBSBBTAioiaB  MAQNiiTiQUB  BT  IttTioBOLooiQTTB.^Bolletin  Mcnsqel, 
ia91.—The  •*  Bokhara'*  l^hoon,  Oct.  1892.    By  Bey.  S.  Cheyalier.  *      - 

ZuBiGH,  ScHWEDSBBisoHB  Mbtbobologibchb  Cbntbaii-Ambtalt.— Annalen,  1890. 


Prewnted  by  Individuals, 

Batubohi,  Q.— Diagrama  de  Presion,  Temperatora,  Llnyia,  y  Viento,  de  VeraoroB, 
Noy.  1892  (M8.).~Begi8tro  de  obseryaoiones  de  Veraonus,  Noy.  1892  (MS.). 
Baxbmdbll,  J.— Meteorological  obsarations  at  Sonthport,  Dee.  17|  1892,  to  Deo.  22, 


Bbll,  0.  W.— Charts  from  Biohard's  Barograph  at  Tewhorst,  East  Orinstead,  Deo. 
1891  to  Dec.  1892  (MB.). 

BnmiB,  A.  B.— Flow  of  the  Thames. 

BiBGH,  E.  W.— Annual  Beport  of  the  State  of  Selangor,  1892. 

BowBS,  Mbs.— London  Medical  Bepository,  Monthly  Joxumal,  and  Beyiew,  Voki.  I.  to 
XVI.,  1814  to  1821.  ^         " 

Bbown,  a.  Ain>  BooBBTBB,  P.— The  Meteorology  of  Nottinghaaf  i  1892. 

BuGHAN,  Db.  a. — Temperature  of  London  for  180  ye^,  from  1763  to  1892.^ 
Temperature  of  the  North-east  of  Scotland  for  129  years,' from  1764  to  1892. 

Cabbuthbbs,  G,  T. — ^The  cause  of  grayity. 

Ghahblbb,  A.~Abstraot  of  meteorologioal  obseryations  made  at  Torquay,  1892.— 
The  Climate  of  Torquay. 

Chwolson,  0. — ^Aetinometrische  Untersuohungen  zur  Construction  eines  Pyrhelio- 
meters  und  eines  Aotinometers. 

Clabk,  J.  E. — Natural  History  Journal  and  School  Beporter,  Nos.  146  to  163. 

Clbmbbts,  H.— Clements'  Weather  Calendar,  1894.— Weather  Prediction,  No.  2. 

CoiONBLLi,  Padbb  F.— Biyista  Meteorologica  dell'  anno.  1891-92,  Fasoioolo  L 

CooKB,  B.— Bainfall  in  1892  at  Detling,  liaidstone  (MS.). 

Copland,  W.  W.—Monthly  and  Annual  Besults  of  Meteorological  Obeeryations  at 
Sheemess,  1892. 

CozBH,  Mbs. — ^Meteorological  obseryations  made  at  Bulimba,  Queensland,  July  to 
Dec.  1892  (MS.). 

Cbbsswbll,  a.— Beoords  of  meteorological  obseryations  taken  at  the  obseryatory  of 
the  Birmingham  and  Midland  Institute,  Jan.  1891  to  June  1898. 

Cboox,  Db.  H.  E.— Margate  as  a  health  resort. 

CuLLBT,  E.  H. — ^Meteorological  obseryations  taken  at  Monmouth,  1893  (MS.). 

DAyis,  W.  M.— The  general  winds  of  the  Atlantic  Ocean. 

Dbhza,  Padbb  F.— Bolide  del  20  Gennaio,  1891.— Gli  instrumenti  registrator!  della 
Specola  Vaticana  e  lo  sooppiopolyeriera  del  28  Aprile,  1891. — Maoehie  solari.— Maochie 
solan  pertubazioni '  magnetiche  ed  aurore  polarL— Medaglia  eommemmoratiya  della 
Speoola  7aticana.-»Meteorologia  cosmica  perturbasione  solare  ed  elettro-magnetioa. — 
MiBure  asBolute  degU  dementi  magnetici  alle  Specola  Vaticana. — Pioggia  di  sabbia.— 
SuUe  indicazioni  degl'  instrumenti  sismici.— Terremoto  del  20  Qennaio,  1891. 

Db  Bancb,  C.  B.— Mi^  of  Biyer  Basins  of  England  and  Wales  in  County  Goonoil 
Groups. 

DicKBON,  H.  N. — The  Physical  condition  of  the  waters  of  the  English  Channel. 

DizoH,  H.  P.— Wiltshire  Bainfall,  Dec.  1892  to  Noy.  1893. 

DoTLB,  P.— Indian  Engineering,  Vol.  Xn.  No.  24  to  Vol  XIV.  No.  28. 

Editob.— American  Meteorological  Journal,  1898. 

EnrroB.— Ciel  et  Terre,  1893. 

Editob.— Electrical  Beyiew,  1898. 

Editob.~11  Bosario  e  la  Nuoya  PompeL    Anno  IX.  No.  11  to  Anno  X.  No.  10. 

Bditob.— Nature,  1893. 

Editobs.— Obseryatory,  1898. 

Elliot,  Dr.  C^Meteorologioal  obseryationB  taken  at  Caterham,  1892  (MS.). 

Bllis,  W.— Map  of  England  and  Wales  showing  lines  of  equal  magnetic  declination 
for  Jannary  1, 1893. 

ViiAiQlAiuoH,  C— Annuuxe  aatronomiqiw  et  m^ttoologiqiie  poor  1898. 
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Fox,  W.  L.— Meieorologioal  Tables  for  Fafanonih  and  Ihe  Seffly  lalandB,  1893. 

FEnraon,  Db.  H.— Ueber  die  Besiunmnng  der  ({eographiflohen  ijftnge  and  Brdte  and 
der  drei  Elemente  des  Erdmagnetismas  doioh  BeotMMmtang  za  Lande  sowie  erdmag- 
netiaohe  and  geographisohe  Messangen  an  mefar  als  taasend  Versohiedenen  Orten  in 
Aden  and  Enropa,  auBgefilhrt  in  den  Jahren,  1867-91. 

Glbdbill,  a.  W.— ObBeryations  taken  at  High  Harrogate,  1892  (MS.). 

Oltds,  E.  E.— Abstract  of  meteorologioal  obserrationB  at  Babbaoombe,  Torqaay, 
l893.^Meteorologioal  Sammaries,  Dec.  1892  to  March  1893,  made  at  Babbaoombe, 
Torqaay.— Tenth  Beport  (seoond  series)  of  the  Oommittee  on  the  climate  of  Deyon, 
1891. 

Gbunwood,  W.  N.— Greenwood's  Naatical  Almanac,  General  and  Ooasting  Klodo- 
nometric  Tide  Tables,  1894. 

Hall,  M.— Jamaica  Weather  Beport,  Not.  1893  to  Oct.  1898. 

Hamltn,  J. — Meteorologioal  obseryations  taken  at  Backfastleigh,  1898. 

Hamr,  Db.  J.-  -Der  t&gUohe  Gang  der  Temperator  aaf  dem  Obirgiplel  (3140  m.)  and 
einige  Folgerongen  aas  demselben. — ^Die  neue  Anemometer  and  Temperatar  Station 
aaf  dem  Obirgipfel  (2140  m.).~Die  neae  Wetterwarte  aaf  dem  Obirgipfel  ond  einige 
Ergebnisse  der  Begistriraog  der  Lafttemperatare  an  derselben  in  Ji^rie  1893. — Einige 
Beeoltale  der  anemometrisohen  Aafseiohnangen  in  Wien  1878-92.— Ueber  das  Elima 
Ton  Qaito. 

Hazbn,  H.  a.— Secrets  of  the  Atmosphere. 

Hbllmank,  Db.  G.— Das  alteste  Berliner  Wetter  Bach  1700-1701  Ton  Gottfried 
Eirch  und  seiner  Fran  Maria  Margaretha  geb.  Winkelmann. 

Hbnshall,  E.— Meteorologioal  obserTations  taken  at  Woolacombe,  1898  (MS.). 

Hookeb,  B.  H.— Statistics  of  damage  caosed  by  Hail  in  Aastria. 

HopxiNSON,  J.— Goanty  Meteorology :  St.  Albans. — Meteorological  obserTations  taken 
at  St.  Albans,  J  893  (MS.) — ^Beport  on  the  Bainfall  in  Hertfordshire  in  1891.— The 
Correlation  of  Physical  Forces.  By  W.  B.  GroTC.— The  Water-bearing  Strata  of 
London.    By  J.  Prostwioh. 

HuHTXB,  J. — Meteorological  obsenrations  at  Belper,  1898. 

Ihwabdb,  B.— Weather  Lore. 

Eaxhbbmahn,  a.— B6sam£  m4t6orologiqae  de  Tann^  1892  poar  GendTe  et  le  Grand 
Saint-Bernard. 

Ejeksbb,  Db.  Y.— Die  Erforschang  der  Atmospharischen  StrSmongen  mittels  Pilot- 
ballons. 

EsmixnT,  E. — Science  Weather  Gaide. 

EiDDLB.  H.  0. — Small  whirlwinds. 

Elossotsbt,  a.— BeTae  M6t^orologiqae.  TraTaax  da  rdseaa  m6t6orolog]qae  da 
sad-oaeet  de  U  Bassie,  1892,  Vols.  ]II.-V.— Une  page  de  Thistoire  da  r6seaa  meteoro- 
logiqae  priT6  da  sad-oaest  de  la  Bassie. 

EdppBN,  Db.  W.— Aasgewahlte  tropische  Wirbelst&me  im  sfidlichen  Indischen 
Ocean.  Von  Kapt.  C.  H.  Seemann  and  Dr.  W.  Edppen.— Die  Bahnen  der  Orkane  im 
vOdliehen  Indischen  Ocean.— Die  ^ssen  Stromangen  des  atmospharisohen  Kreislaafs. 
—Die  Oceanographie  aaf  der  Britischen  Katarforsdier-VersammlaDg  im  Aogast  1892. 
^Die  anterseeisohe  Schildwache,  ein  permanentes  Lotii  zar  Aafsachong  bestimmter 
Tiefenlinien  and  zar  Erkennaog  Ton  tintiefen  ohne  Fahr-tanterbrechang.— Drei  Jahre 
Starmwamangen  an  der  deatschen  Euste. — Modeme  Meteorologie.~heae  hydro- 
graphisohe  Forschangen  im  Schwarzen  Meere. — Verhalten  der  Oele  und  Seifen  aaf 
Wassseroberflachen  and  Bolle  der  Oberfljichenspannang  bei  Berahigung  der  Wellen.— 
Yerhftltnlsse  swischen  Beaafort*s  Skala  and  Windgeschwindigkeit. 

Lahoastbb,  a.— Le  dimat  de  la  Belgiqae  en  1892. 

Lawbbnox,  Gd— Ilfraoombe  as  a  winter  resort.    By  Dr.  A.  S.  Gobb. 

Lawsom,  B.  (the  late).— On  the  manifestations  of  cholera  in  ships  at  sea  and  their 
connections  with  oatbreaks  on  land. 

Lbal,  M.— Estadio  sobre  la  Mortalidad  en  Leon. 

LisTBB,  M.— Annual  Beport  of  the  State  of  Negri  Sembilan,  1892. 

Maglbab,  Admibal  J.  P.^ContribationB  to  Terrestrial  Biagnetism.  By  Gen.  Sir  E. 
Sabine.  Parts  1-11  and  13. — Memorandum  on  the  Magnetical  Obsenrations  made  daring 
the  Toyage  of  H.M.S.  Challenger,  1872-6. — ObserTaciones  del  Obserratorio  Meteoro- 
16gica  del  Ateneo  Municipal  de  Manila,  1880-2.— On  periodical  laws  discoverable  in  the 
mean  effects  of  the  larger  magnetic  disturbances.  By  Gen.  Sir  E.  Sabine.  Parts  1 
and  8 . — On  the  automatic  registration  of  magnetometers,  and  other  meteorological 
inrtruments,  by  photography.  By  0.  Brooke.  Parts  1  and  3. — On  the  diurnal  Taria- 
tion  of  the  Magnetic  Declination  st  St.  Helena.  By  Gen.  Sir  E.  Sabine.— On  the 
present  amount  of  Westerly  Magnetic  Declination  (rariation  of  the  compaits)  on  the 
coast  of  Great  Britain,  and  its  annual  changes.  By  Capt.  F.  J.  ETans.— Beport  on  a 
magnetic  surrey  of  the  Indian  Archipelago,  1874-7.    By  Dr.  Van  Bijckevoreel,  S  purls. 

Maeiwam,  0.  A.<r2^teorologiGal  Beport  for  Korthamptonshire,  Oct.  1893  to  Sept. 
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Kasbior,  W.^A  meteoroloffieal  aeeoimt  of  the  weather  al  Fort  Willuun  In  Bengal, 
Jan.  1  to  June  80, 1776.    By  Lieat-Ool.  T.  D.  Pearse  (MS.). 

Mamhatj.,  S.  a.— Bainfall  in  the  Lake  Distriot,  1891,  1892,  and  Jan.  to  Not.  1898. 

Mawlbt,  B.»MeteQrological  obseryationfl  made  at  Berkhamated,  Deo.  23, 1892,  to 
June  22, 1898.— The  Boaarian's  Tear  Book,  1898. 

MoIiAHDaBOBonoH,  J.,  AMD  PBBSTON,  A.  £.— MeteoFology  of  Bradford,  1892. 

MiDOLBT,  W.  W.— Simimary  of  meteorologiaal  obeervationB  at  Bolton,  1892,  and 
annual  areragee  1887-92. 

Momr,  Db.  H.— Stadien  uber  Nebeldgnale. 

M088MAIIM,  R.  0.— Beealts  of  meteorologioal  observations  taken  at  Edinburgh,  1892. 

Mms,  J.  E.— Meteorological  observations  taken  at  Watford,  1893  (MS.). 

Omohd,  B.  T.— Hourly  readings  of  black  bulb  in  vacuo  at  Ben  Nevis  Observatory. 

Omovd,  B.  T.,  and  BAnmf,  A.— The  winds  of  Ben  Nevis. 

Pabkabt,  J.  M.— Meteorological  Beport  for  Albert  Park,  Bfiddlesboroiigh,  Deo.  1892 
to  Nov.  1893. 

PsABSoK,  C.  N.— Meteorological  observations  taken  at  Beading,  1898  (MS.). 

Prsk,  G.  B.— Meteorological  Observations  at  Bonsdon,  1892. 

PBiujps,  F.  H.—Meteorologioal  observations  taken  at  Brighton  and  DitehUng, 
1893  (MS.). 

P&nrcB,  C.  L. — Observations  apon  the  great  drought  daring  the  spring  months  of 
1893.^The  sommaiy  of  a  meteorologioal  journal  kept  at  Crowborough  Hill,  Sussex, 
1892.— Uckfield  BaiufaU,  1848-92. 

Bankdi,  a.— Prelimiziary  notes  on  observations  of  dust  particles  at  Ben  Nevis 
Observatory. 

Baymokd,  G.— Description  d'un  nouveau  Theodolite  Boussole  et  de  Gtodoele. 

BzooEHBACH,  A.— Dio  Niederschlags  verhaltnisse  des  Eantons  Basel  und  ihre  Beaie- 
huDg  zur  Bodengestalt. 

BoDOBB,  J.  P.— Annual  Beport  of  the  State  of  Pahang,  Straits  Settlements,  1892. 

BoTOH,  A.  L. — ^A  meteorological  balloon  ascent  at  Berlin,  Oct.  24, 1891. — ^Meteoro- 
logical and  other  observations  made  in  conneotion  with  the  Total  Solar  Eclipse  on  Jan. 
1,  1889.     By  W.  Upton  and  A.  L.  Botch. 

BussBLL,  H.  C— Hail  Storms. 

BuBsxLL,  Hon.  F.  A.  Hollo. — On  Hail. 

BnssBLL,  Db.  W.  J.— A  sketch  of  the  diemioal  history  of  the  air. 

Sallb,  O.— Das  Wetter,  1893. 

Shaw,  Bbv.  G.  A.— Meteorological  observations  taken  at  Farafangana,  Madagascar, 
Jan.  to  Sept.  1893  (MS.). 

Shxwabd,  R.~Ab8traot  of  Weather  Beports  for  Eastbourne,  1892.^  Eastbourne 
meteorological  observatioDS,  1892. 

Sladb,  F.-— Meteorological  observations  foi  1892  at  Beckford,  Tewkesbury. 

SoLANDBB,  E. — Vergleichnng  der  Bestimmung  der  Hoiizontalintensitat  an  versohied- 
euen  magnetischen  Observatorien. 

SouTHALL,  H.— The  Great  Drought  of  1898. 

Sparks,  F.  J. — Meteorological  observations  taken  at  Crewkeme,  1898. 

Spiboblhaltxb,  £.  E.— Meteorological  observations  taken  at  Malton,  1898. 

Stahfobd,  E.->First  part  of  the  general  maps  for  the  illnstratipn  of  Physical  (Geo- 
graphy.   Edited  by  A.  btaggemeier. 

6TOKB8,  J.— Annual  Beport  of  the  Medical  Officer  of  Health  for  the  Borough  of 
Margate ;  also  Meteorological  Beport,  1892. 

Stmons,  G.  J.--British  Bainfall,  1892.~Symons'B  Monthly  Meteorologioal  Magaaine, 
1893. 

Tatlob  and  Fbancis,  MBBSRS.«Taylor*s  Oalendar  of  the  Meetings  of  the  Scientific 
Bodies  of  London  for  1893-4. 

Tbissbbbnc  db  Bokt,  L.— Beport  on  the  present  state  of  our  knowledge  respecting 
the  general  circulation  of  the  atmosphere. 

Ttbbb,  B.- Meteorology  of  Cheltenham  in  1892.— Bainfall  in  Gloucestershire,  Jan. 
toKoT.  1893. 

Vbbt,  Pbof.  F.  W.— Hail  St<irm  of  May  20,  1893. 

Walxbh,  a.  0.— Ihe  Climate  of  the  North  Coast  of  Wales. 

Wallbb,  J.  G.— Annual  Beport  on  the  Health,  Sanitary  Condition,  etc.,  of  Woolwich, 
11^92.     By  Dr.  W.  B.  Smith. 

Wabd,  B.  de  C— Thunderstorms  in  New  England  during  the  years  1886-7. 

Watson,  Bby.  J. — M  teorological  observations  taken  at  jGuisborough,  Jan.- Apr. 
1893.  (MSO 

Watts,  F.— Meteorological  Becord  for  1892  in  Antigua. 

Wblls,  J.  G.— The  weather  of  1891  at  Burton- on-Trent. 

Wild,  Dk.  H.—Die  Normal  barometer  des  ph^vsikalisohen  Central-Observatoriums  an 
St.  Petersburg.— Ueber  die  Daratellung  des  taglichen  Ganges  der  Lufttemperatur  duroh 
die  Beatel'8(»e  Interpolationfilormel.— Ueber  Unajdherheiten'  in  den  Begnault'sohen 
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PpannkrSlton  d^e  WasseidAmpfeB  nnterhalb  100°  and  dankiuentsvrixigendeDifferaiiBen 
der  Ck)rreotionon  yon  Siedetbermometem  je  nadh  ihrer  Verificationwrt. — ZoBamman* 
rtellitng  der  BeaohliiBse  der  intemationalen  Meteorologen-OonferenjEen  von  der 
Conferens  in  Leipng,  Aag.  1872  bis  und  mit  der  Gonferenz  in  Miinehen,  Aug.  1891. 

WiLMBXTBST,  A.  J.->TemperatQre  and  Bainfall  at  Manor  Park,  Essex,  Dec  1893  to 
Not.  1898  (MS.). 

WooBD,  B.  X.— Charts  from  a  Riobard  barograph  at  Gonyngbam  Hall,  Enaresboro', 
1892  (MS.). 


APPENDIX  VIL 
REP0BT8  OF  0BSEBVAT0RIE8,  fte. 

The  Meteobological  Office.— Lieut.-G«n.  R.  Stracbey,  B.E.,  C.S.T., 
F.R.S.,  Chairman  of  Council;  Robert  H.  Scott,  M.A.,  F.R.8.,  Secretaiy;  Nav. 
Lieut.  C.  W.  Baillio,  P.R.A.S.,  Marine  Superintendent. 

Marine  Meteorology.— C%*rren<  Charts  for  all  Oeeatu.—ln  the  last  Memo- 
randum appearing  in  this  Report  for  the  year  1892,  it  was  stated  that  a  considerable 
amount  of  information,  some  25,000  observations  in  all,  had  been  obtained  from 
foreign  authorities,  in  order  to  supplement  the  records  of  currents  derived  from 
EngliBh  sources  of  information. 

During  the  year  now  under  review  a  further  instalment  of  some  2,000  obser- 
vations for  the  Pacific  Ocean  has  been  obtained  from  Germany,  exhausting  their 
data,  and  the  Council  are  of  opinion  that  they  have  now  procured  nearly  all  the 
trustworthy  current  observations  in  existence,  at  least  in  the  archives  of  the 
various  meteorological  bureaus  in  Europe.  The  very  anxious  task  of  generalis- 
ing the  contents  f  orpublication  must  now  be  undertaken. 

The  Red  Sea, — ^Tnese  charts  are  passing  through  the  press.  The  twelve 
Monthly  Wind  Charts  have  all  been  signed  for  press,  and  tiie  twelve  Current 
Charts  are  now  in  an  advanced  stage. 

TJie  Meteorology  qf  the  South  Sm. — This  investigation  has  made  steady  pro- 
gress during  the  year,  but  none  of  the  final  charts  have  as  yet  been  placed  in 
uie  engraver's  hands. 

The  South  Atlantic, — The  preparation  of  logs  and  extraction  of  data  for  this 
district  is  being  actively  prosecuted.  It  will  be  understood  that,  as  in  the  SouUi 
Sea,  the  southern  limit  of  the  area  to  be  discussed  is  given  by  the  northern 
limit  of  the  South  Polar  Ice. 

A  new  edition  of  the  Barometer  Manual  for  Seamen  is  in  hand. 

Weather  Telegraphy. — The  only  change  in  the  operations  of  this  branch 
has  been  the  abandonment  of  MuUaghmore  as  a  station,  owing  chiefly  to  the 
difficulty  of  replacing  satisfactorily  the  observer  who  died  in  the  spring  of 
1893.  There  is  an  idea  of  establishing  a  station  on  Barra,  in  the  Hebrides,  but 
apparently  the  island  is  so  hilly  that  wind  reports  would  not  be  quite  satisfac- 
tory. 

The  Office  has  since  Michaelmas  been  in  receipt  of  daily  reports  from  Punta 
Delgada,  in  the  Azores,  through  the  kindness  of  Admiral  de  Brito  Capello,  of 
Lisbon,  and  of  the  Eastern  Telegraph  Company. 

The  Rain  Tables  for  the  decade  1881-90  are  now  in  hand,  and  it  is  hoped  that 
these  will  furnish  information  more  complete,  as  to  uniform  geographical  distri- 
bution of  the  stations,  than  anything  which  has  yet  appeared. 

Land  Meteorology  of  the  British  Island&— The  volume  of  Hourly  Mean 
Readings  for  five-day  periods  for  the  Four  Observatories  has  been  publisned  for 
the  year  1890,  and  Uiat  for  1891  is  well  advanced.  The  volume  of  Observatione 
from  Stations  of  the  Second  Order  for  1889  is  out,  and  that  for  1890  may  be 
expected  in  the  course  of  the  summer. 

Mr.  Dines*  pressure  tube  anemometer  has  now  been  in  operation  on  the  roof 
of  the  Office  for  a  year.  Very  interesting  records  have  been  obtained  from  it, 
especially  during  the  storm  of  November  18th. 

The  records  of  bright  sunshine  for  the  seven  observatories  in  connection 
with  the  Office  have  been  tabulated  hourly  for  the  twelve  years  1881-1892.  and 
(he  results  will  be  published  with  the  hourly  means  for  1891, 
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A  new  editum  of  the  JhttrwHoM  in  tte  use  of  Mei9orolog%cdl  ImirumeaU^ 
DOW  19  yeoTB  old,  is  in  preparation,  to  bring  the  book  more  np  to  the  present 
state  of  Meteorology.— j^eftruory  Ibihj  1894. 


RoTAL  Obseryatobt,  Gbebnwich.— W.  H.  M.  Christie,  M.A.,  RB.S., 
Astronomer  Royal. 

The  osoal  routine  meteorological  work  has  been  maintained  with  regolarity 
during  the  year  1893.  The  onl^r  important  instrumental  chanfl;e  made  in  the 
year  is  the  additional  gearing  which  nas  been  applied  to  the  £iving  clock  of 
Osier's  Anemometer,  by  means  of  which  the  recording  sheet  can,  when  desired, 
be  made  to  travel  twelve  times  as  fast.  This  arrangement  has  been  brought 
into  use  on  many  occasions  for  the  registration  of  high  winds  with  the  utmost 
benefit,  the  variation  in  pressure  being  much  better  seen  than  with  the  ordinary 
time  scale.  Portions  of  the  working  parts  of  Robinson's  Anemometer  which 
appeared  to  be  much  worn,  have  been  recently  renewed.  It  is  satisfactory, 
however,  to  note  that  an  independent  companson  made  (shortly  before  the 
renewal  of  the  worn  parts)  by  Mr.  C.  Harding,  of  the  Meteorological  Office,  of 
the  results  recorded  by  this  instrument  in  the  gales  of  November  last  with  those 
recorded  by  the  anemometer  of  the  Kew  Observatory,  indicated  that  these 
instruments  were  then  giving  practically  identical  results. 

The  discussion  of  the  observations  of  the  temperature  of  the  air  throughout 
the  50  years  1841-1890  has  been  completed,  and  the  abstracts  are  partly  printed. 
Various  interesting  particulars,  relating  to  extremes,  <S:c.,  have  been  extracted 
from  these  voluminous  tables,  but  have  not  yet  been  finallv  brought  into  shape 
for  printing.  The  results  of  the  magnetical  reductions  1885-1882  mentioned 
in  last  year's  report  are  not  quite  ready  for  press. 

The  close  of  the  year  w«s  marked  by  the  retirement  of  Mr.  Ellis,  aiter  a  long 
and  honourable  term  of  service  in  the  Royal  Observatory,  extending  through 
60  years,  20  of  which  had  been  spent  as  Superintendent  of  the  Magnetical  and 
Meteorological  Department.  The  loss  of  Mr.  Ellis  to  the  public  service  will  be 
severely  felt.  Mr.  W.  C.  Nash  has  been  promoted  to  succeed  him  as  Superinten- 
dent, and  the  vacancy  thus  caused  has  not  yet  been  filled  up.  ^Mareh  \2th^  1894. 


Royal  Observatory,  Edinburgh.— Ralph  Copeland,  Ph.D.,  F.R.A.B., 
Astronomer  Royal  for  Scotland. 

At  the  end  of  the  first  quarter  of  1893  the  preparation  of  the  monthly  and 
quarterly  summaries  of  weather  observations  oi  65  Scottish  stations  for  the  use 
of  the  Registrar-General  for  Scotland  was  transferred  from  the  Edinburgh 
Royal  Observatory  to  the  Scottish  Meteorological  Society,  by  whose  members 
the  observations  are  made. 

The  daily  meteorological  readings  at  the  Observatory  have  been  continued, 
together  with  the  observations  of  the  rock  thermometers.  The  old  rain  gauge 
on  the  roof,  at  a  short  distance  to  the  soath  of  the  dome,  caught  some  80  per  cent, 
less  rain  than  a  similar  gauge  on  the  grass  22  feet  lower  down  ;  this  is  quite  in 
accordance  with  previous  experience. 

The  removfd  to  Blackford  Hill,  which  will  probably  be  carried  out  about  the 
close  of  the  year,  will  afford  an  opportunity  of  commencing  a  fresh  series  of 
observations,  in  wliich  self-recording  instruments  will  be  largely  used,  In  par- 
ticular it  is  expected  that  the  ^records  of  wind  at  the  new  Observatory  will  be  of 
special  interest. — February  1894. 


Kew  Observatoby  of  the  Royal  Society,  Richmond,  Subbey. — Charles 
Chree,  M.A.,  Superintendent. 

It  is  with  deep  regret  that  the  Committee  have  to  report  the  decease  of  the 
late  Superintendent,  Mr.  G.  M.  Whipple,  B.Sc,  which  occurred  on  February  8th, 
after  a  serious  illness  of  more  than  seven  months.  He  had  been  connected  with 
the  Observatoi;^  in  varioos  ca|»acities  for  thirt;^-£oiir  years^  aB4  ha4  filled  the 
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office  of  Saperintendent  since  1876.  Under  his  efficient  management  the  work 
at  the  Observatory  had  been  largely  augmented  in  amount  and  variety,  and  the 
funds  at  its  disposal  for  purchase  of  apparatus  and  extension  of  its  premises 
had  steadily  increased. 

During  the  earlier  part  of  the  year  the  work  of  the  Observatory  was  carried  out 
by  Mr.  Baker,  the  Chief  Assistant,  to  the  entire  satisfaction  of  the  Committee. 
They  desire  tliat  his  services  should  be  specially  recorded,  and  tiiey  are  glad  to 
state  that  the  routine  work  of  the  Observatory  has  in  no  way  su^red  owing  to  the 
enforced  absence  of  the  Superintendent  for  the  early  months  of  the  past  year. 

The  Committee,  having  invited  applications  for  the  vacant  post  oi  Superinten- 
dent, selected  from  amongst  the  candidates  Mr.  Charles  Chree,  M.A.,  Fellow  of 
King's  College,  Cambridge,  Sixth  Wrangler  1883,  First  Division  Part  III.  of 
the  Mathematical  Tripos,  and  First  Class  in  Part  II.  of  the  Natural  Sciences 
Tripos,  1884.    Mr.  Chree  entered  on  his  duties  on  May  15th. 

The  self-recording  instruments  for  the  continuous  re^stration  of  atmospheric 
pressure,  temperature  of  air  and  wet-bulb,  wind  (direction  and  velocity^,  bright 
sunshine,  and  rain,  'have  been  maintainea  in  regular  operation  througnout  the 
year,  and  the  standard  eye  observations  for  the  control  of  the  automatic  records 
auly  registered. 

The  "  Willesden  "  prepared  papers  have  been  in  daily  use  on  the  self-recording 
Beckley  gauge,  and  although  tne  curves  obtained  are  clear  and  distinct,  yet  the 
defect  of  the  lengthening  of  the  sheets  in  wet  weather  has  not  been  entirely 
overcome.  Circular  letters  were  sent  to  several  prominent  paper  makers  asking 
for  samples  of  material,  specially  prepared,  to  be  used  in  a  very  damp  atmosphere ; 
but  of  those  obtained,  only  one  sample  (supplied  by  Messrs.  Waterlow  and  Sons) 
showed  no  appreciable  lengthening  in  the  dampest  atmosphere  producible  arti- 
ficially. It  has,  however,  some  counterbalancing  defects ,  which  render  its  superio- 
rity to  the  Willesden  paper  for  the  purpose  in  view  somewhat  doubtful. 

At  the  request  of  the  Meteorological  Office  an  investigation  has  been  carried 
out  as  to  the  causes  of  fluctuations  that  present  themselves  in  the  value  of  the 
residual  correction  to  barograph  readings,  which  is  deduced  by  comparison  of 
simultaneous  readings  of  the  baroeraph  and  a  standard  barometer.  An  analysis 
was  made  of  the  value  of  the  residual  correction  between  May  1892  and  October 
1893,  while  numerous  measurements  were  taken  of  the  width  of  the  temperature 
compensation  to  the  barogram  at  different  temperatures.  The  data  obtained  ac- 
counted for  a  very  considerable  part,  at  least,  of  the  irregularities  observed  in 
the  residual  correction.  A  report  embodying  an  analysis  of  the  results  has  been 
sent  to  tiie  Meteorological  Office. 

The  electrograph  has  been  in  regular  action  during  the  year,  but  its  perform- 
ance on  the  whole  has  been  rather  unsatisfactory.  £arly  in  the  year  the 
needle-suspension  being  accidentally  broken,  another  was  fitted  without  delay, 
and  a  new  determination  made  of  the  scale  value.  Subsequent  re-determinations 
were  carried  out  in  May,  July,  and  November.  It  is  intended  to  take  advantage 
of  the  first  spell  of  frosty  weather  to  dismount  and  thoroughly  overhaul  the  in- 
strument, and  to  open  out  the  scale,  which  has  for  some  time  past  been  too 
contracted. 

Operations  connected  with  cloud  photography  have  been  suspended  during 
the  year. 

Tne  observation  of  a  series  of  distant  objects  referred  to  in  the  last  report  has 
been  continued.  A  note  is  taken  of  the  most  distant  of  the  selected  objects, 
which  is  visible  at  each  observation  hour.  An  analysis  of  the  results  for  the 
period  May  1892  to  December  1893  is  at  present  being  carried  out.  During 
the  thickest  fog  experienced  in  the  past  year,  at  one  of  the  hours  of  observa- 
tion the  most  distant  object  visible  was  only  12  feet  off. 

The  mean  temperature  of  the  air  for  the  year  was  50^-9,  and  the  extreme  range 
76**'6,  from  18°-1  on  January  6th  to  88**-6  on  August  17th.  In  the  sun*s  rays  the 
maximum,  139°,  occurred  on  June  19th,  and  the  lowest  reading  of  a  thermometer 
freely  exposed  on  the  grass  was  7°  on  January  5th. 

The  year  was  remarkable  for  the  drought  during  the  sprins,  and  for  the  very 
large  amount  of  bright  sunshine  recorded,  no  less  than  1, 681  ^  hours  being  regis- 
tered, giving  a  mean  percentage  of  35,  the  highest  yearly  value  yet  obtained. 
With  the  exception  of  January,  July,  and  November,  each  month  was  well  above 
^e  average,  the  maximum  record  of  59  per  cent,  in  April  being  27  per  cent. 


Digitized  by 


Google 


BXPOl^  OF  TRB  OOTTNdL.  — AP^JIHDU  Vn«  195 

aboTe  the  April  mean  for  the  past  16  years.    The  total  rainfall  was  19*50  ins.-* 
M<^  1894. 


Radcliffe  Obsebyatory,  Oxford.— E.  J.  Stone,  F.R.S.,  Radclifife  Observer. 

No  change  in  the  routine  or  staff  has  been  made  daring  the  jear.  The  Robin- 
son Anemograph,  having  become  much  worn  during  the  18  years  it  had  been 
mounted  on  the  Observatory  Tower,  was  replaced  in  July  1893  by  a  new  one, 
which  includes  all  the  latest  improvements,  and  is  working  welL 

The  other  self-recording  instruments  have  been  workine  satisfactorily  during 
the  year.  The  gelatino-bromide  paper  is  used  for  the  photographic  registers, 
and  gives  excellent  results. 

Eve  readings  have  been  taken  as  usual ;  and  reports  sent  daily  by  telegram  to 
the  Meteorological  Office,  monthly  to  the  Registrar-Gtoeral  and  local  press. 

The  following  are  the  chief  characteristics  of  the  weather  noted  at  Oxford 
during  the  year  1893: — 

There  was  a  remarkable  absence  of  rain  during  the  sprine  months ;  from 
March  4th  to  Ma^  15th  only  0*016  in.  was  registered  at  this  Observatory.  In 
June  only  one-third  of  the  average  amount  fell,  whilst  Au^t  and  September 
were  much  below  the  average :  July,  however,  was  1*3  m.  in  excess  of  the 
average. 

The  total  rainfall  for  the  year  was  18*596  ins.,  or  8  inches  below  the  average 
for  the  preceding  78  years. 

As  regards  temperature,  the  early  part  of  January  was  marked  by  continued 
frost,  with  a  minimum  in  the  air  on  the  5th  of  12°*9,  and  on  the  grass  7^*1 ;  the 
average  for  the  month  being  2°*5  below  the  mean  for  the  preceding  38  years. 
Daring  the  remaining  months  of  the  year,  with  the  exception  of  November,  the 
mean  monthly  temperatures  were  all  high ;  those  of  March,  April,  May  and 
August  being  respectively  4^*8,  5°'3, 4°*5,  and  4°*1  above  the  average  for  the 

E receding  38  years.    The  maxima  were  84''-3,  85°*7,  85''-6,  88°*1,  and  88°'3  on  the 
ve  consecutive  days  of  August  14th,  15th,  16th,  17th  and  18th. 

Coincident  with  the  defect  of  rainfall  and  excess  of  temperature,  the  excess 
of  recorded  bright  sunshine  was  a  marked  feature  of  1893,  there  being  365  hours 
recorded  above  the  average  for  the  last  13  years.— January  22mi,  1894. 


REPORT  ON  THE 

PHENO  LOGICAL     OBSERVATIONS 

FOR    1893. 

By  EDWARD  MAWLEY,  P.R.Met.Soc.,  P.R.H.S. 
(Plate  n.) 


[Bead  Febmaiy  21st,  1894.] 

Thb  number  of  observers  sending  in  retoms  dnring  1898  was  117, 
showing  a  slight  increase  on  the  two  previoas  years.  The  changes  in  the 
observing  stations  have  been  as  follows : — ^No  returns  were  received  from 
Wbitchnrcb  Camonicomm,  Tnnbridge  Wells,  Canterbnry,  Beokenham,  and 
Henley-on-Thames  in  District  O. ;  Barton -on-Trent  and  Hnddersfield  in 
District  D. ;  Chester,  Settle,  and  Donglas  (Isle  of  Man)  in  District  F. ;  and 
Collon  in  District  Q.  On  the  other  hand,  observations  were  sent  in  from  the 
fdiowiiig  new  sti^tiona; — ^lIUwpw  Smithi  West  Bagboroa|^,  imd  Lon^  Ash- 
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ion  in  Diflbriot  A. ;  Be  Jibridge,  (Isle  of  Wight),  Bidboroagh,  Swasiley,  Ohisle- 
horst,  Bickley,  Cranleigh,  Ashtead,  Oroydon,  Farley,  and  Whatley  in  Dis- 
trict O. ;  Watford  and  Brozboomein  District  D. ;  Ashwell  in  District  E. ; 
Penmaenmawr,  and  Cronkboome  and  Solby  (Isle  of  Man)  in  District  F.  ; 
and  Cambois  in  District  I. 

All  the  eleven  Districts  are  represented,  bnt  there  are  still  only  two 
observers  in  Ireland  Sonth  (District  B.)}  <^d  ^^t  one  observer  in  either 
Scotland  East  (District  J.)  or  Scotland  North  (District  K.)*  ^ore  ob- 
servers in  these  three  Districts  are  much  needed,  in  order  that  they  may  be 
placed  on  something  like  an  equal  footing  with  the  others.  Betoms  from 
one  or  two  stations  only,  which  may  chance  to  be  either  very  exposed  or 
sheltered,  as  the  case  may  be,  mast  necessarily  represent  bat  indifferentiy 
the  climate  of  any  considerable  portion  of  onr  Islands. 

The  observations  regarded  as  a  whole  are  the  best  I  have  yet  had  the 
pleasure  of  tabulating,  and  the  thanks  of  the  Society  are  due  to  the  Phono- 
logical Observers  generally  for  sending  in  so  many  valuable  and  interesting 
returns.  Not  only  have  the  observations  been  as  a  rule  more  carefully  made 
than  in  the  two  previous  years,  but  they  are  also  more  numerous.  For 
instance,  where  the  returns  from  the  different  stations  contained  on  an  aver- 
age the  dates  of  flowering  of  8  of  the  18  plants  in  1892,  there  were  to  be 
found  9  entered  in  1898. 

The  Winter  of  1892-93. 

December,  taken  as  a  whole,  was  a  cold  winter  month,  except  in  the  south 
of  Ireland,  where  the  mean  temperature  comes  out  as  slightly  above  the 
average.  January  also  proved  unseasonably  cold,  especially  in  the  southern, 
eastern,  and  south-western  districts  of  England,  where  the  departures  from 
the  mean  amounted  to  —  6°-0,  —  4°*5,  and  —  8°-8  respectively.  February, 
on  the  other  hand,  was  mild  in  all  the  divisions — and  very  wet. 

Until  the  middle  of  the  fourth  week  in  December  the  weather  remained 
for  the  most  part  mild  and  dry  throughout  the  greater  part  of  the  British 
Isles.  In  the  warmer  districts  garden  flowers  were  here  and  there  to  be  seen 
in  blossom  until  within  a  few  days  of  Christmas,  and  at  Scilly  the  first 
small  gathering  of  daffodils  was  made  shortly  after  the  middle  of  the  month. 
Then  came  four  weeks  of  continued  frost,  which  brought  everything  suddenly 
to  a  standstill,  and  penetrated  the  soil  to  an  unusual  depth,  owing  to  the 
absence  in  most  places  of  any  covering  of  snow  worth  mentioning.  The  soil 
and  atmosphere  remaining  unusually  dry  for  the  season,  less  ii^ury  was  done 
to  half-hardy  vegetation  generally  than  in  previous  winters  when  the  cold 
was  less  intense  and  prolonged.  In  gardens  vegetables  appear  to  have 
suffered  the  most,  particularly  the  more  tender  kinds,  such  as  broccoli, 
celery,  cauliflowers,  &c.  This  proved  a  trying  period  for  birds,  and  many 
perished  from  cold,  and  through  their  natural  supply  of  food  being  cut  ofi 
for  weeks  together,  owing  to  the  frozen  state  of  the  ground.  Scarcely  had 
the  long  frost  broken  up  than  winter  aconites  and  other  early  floweirs  bogan 
to  make  iheir  appearance  in  the  south  of  England,  showing  how  coin^iiitid 
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the  ehange  in  tempentiire  miut  then  haTo  oeen.  From  this  time  ontil  the 
end  of  the  Beason  mild  and  wet  weatiier  preTailed. 

This  winter  quarter  was  by  no  means  a  favourable  one  to  the  brmer. 
The  long  oontinoed  frost  not  only  kept  the  plough  idle  for  weeks  together, 
but  also  committed  sad  havoc  among  the  turnips.  Then  agpin,  the  soil  was 
so  saturated  by  rain  during  February  that  any  but  light  lands  were  rendered 
as  unworkable  as  before. 

The  hazel  came  into  flower  later  than  its  adopted  average  in  all  distrtets — 
the  departures  from  the  mean  being  smallest  in  the  southern,  midland,  ioi 
eastern  counties  of  England,  and  greatest  in  Ireland  North,  Scotland,  and 
the  north  of  EngUnd.  The  dates  of  flowering  of  the  coltsfoot  were  as  usual 
very  irregular,  but  in  most  districts  also  rather  later  than  the  average.  No 
doubt  the  great  depth  to  which  the  long  frost  penetrated  the  ground  in 
January  helped  to  retard  the  blossoming  of  these  two  plants. 

The  song  of  the  thrush  was  first  heard  a  few  days  earlier  than  in  either 
1891  or  1892.  The  honey-bee  first  visited  flowers  about  the  same  dates  as 
in  1891,  but  a  Uttle  earlier  than  in  1892. 

Ths  Spring. 

This  proved  by  iar  the  most  remarkable  season  of  this  remarkable  year. 
In  each  of  the  three  months  the  mean  temperature  was  in  every  district  con- 
siderably above  the  average— the  departures  for  the  quarter  ranging  from 
+2°*6  in  England  North-east  and  in  Scotland  North,  to  +A^*4k  in  the  south- 
west of  England.  The  total  rainfall  was  much  in  defect  of  the  mean — 
ranging  from  —2*1  ins.  in  the  north  of  Scotland  to  —6*8  ins.  in  England 
South-west.  The  record  of  sunshine,  too,  if  we  omit  Scotland  and  the  north  of 
Ireland,  proved  equally  exceptional.  In  fact,  in  the  south-western,  southern, 
and  midland  counties  of  England  the  aggregate  duration  exceeded  the  mean 
by  more  than  200  hours. 

Taking  the  British  Isles  as  a  whole,  the  most  noteworthy  feature  of  this 
season  was  its  very  exceptional  earliness.  Stimulated  by  the  continued  heat, 
vegetation  of  all  kinds  was  everywhere  forced  on  rapidly,  and  without  any 
check  worth  mentioning,  into  leaf  and  flower,  and  in  some  cases  into  frifit, 
long  in  advance  of  its  usual  time.  Even  in  parts  of  Scotiand  strawberries 
were  gathered  in  May  and  new  potatoes  and  peas  ready  for  use. 

Throughout  nearly  the  whole  of  England,  however,  a  persistent  drought 
reigned  supreme,  and  was  there  perhaps  even  more  exceptional  in  its  efiects 
than  the  unseasonable  warmth  of  the  ground  and  atmosphere.  In  fiust,  until 
after  the  middle  of  May  there  did  not  occur  a  single  week  in  which  the  Call  of 
rain  was  not  much  below  the  average.  Owing  no  doubt  to  the  abundant 
nunlall  in  February,  and  the  genial  weather  which  followed,  the  trees  in  no 
wayjsufiered.  On  the  contrary,  the  general  remark  at  the  time  seems  to 
have  been  that  their  foliage  appeared  singularly  abundant  and  well  devebped. 
Barely  have  flowering  trees  and  shrubs  been  seen  to  bloom  so  freely.  Fruit 
tteefi  especially  were,  densely  covered,  but  were  soon  out  of  blossom.  The 
iiyurious  influence  of  the  drought  upon  the  less  deeply  rooted -fdante  iMSi 
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however,  very  marked.  The  fields  and  hedg^-rows  beeame  anasnally  gay 
with  spring  and  summer  flowers,  following  each  other  in  rapid  snooession  after 
the  middle  of  the  season,  bat  the  dry  and  forcing  weather  soon  told  npon  the 
plants  themselves,  stonting  their  growth,  and  causing  their  blossoms  to  fode 
before  they  were  at  their  best. 

After  the  middle  of  March  the  land  was  in  splendid  condition  for  getting 
in  the  spring  com,  which  has  seldom  had  so  favourable  a  seed  bed.  Bat  in 
many  instances  the  ground  had  become  so  dry  that  the  grain  failed  to  germi- 
nate at  all,  or  came  up  very  irregularly,  and  not  until  weeks,  and  sometimes 
months,  after  it  had  been  sown.  Garden  seeds  also  germinated  very  slowly. 
The  pastures  were  remarkably  bare,  and  the  fi^rmers  often  at  their  wit's  ends 
to  provide  sufficient  fodder  for  their  cattle  and  sheep. 

But,  after  all,  it  should  be  borne  in  mind  that  many  of  the  foregoing  re- 
marks only  apply  to  about  one  half  the  area  of  the  United  Kingdom.  For 
in  some  of  the  northern  counties  of  England,  as  well  as  throughout  Scot- 
land and  a  great  part  of  Ireland,  there  has  scarcely  ever  been  known  a  more 
favourable  spring  for  crops  of  all  kinds.  For  although  the  weather  continued 
also  unseasonably  dry  in  these  favoured  districts,  it  was  never  injuriously  so. 
For  one  thing,  what  is  called  a  drought  in  the  wetter  parts  of  our  islands  is 
by  no  means  so  serious  a  matter  as  where  the  average  rain&ll  is  lighter,  but 
last  year  these  parts  also  appear  to  have  been  visited  by  heavy  showers  just 
At  the  times  when  they  were  becoming  most  needed  by  the  growing  crops. 

I  am  unable  to  account  satis£Etctorily  for  the  wood  anemone  flowering  so 
late  as  it  did  in  many  districts  in  such  a  warm  March,  unless  it  be  that 
growing  under  the  shelter  of  trees  in  shady  spots  the  brilliant  sunshine  had 
not  the  same  power  in  raising  the  temperature  of  the  soil  as  where  the  ground 
had  been  fully  exposed  to  its  influence.  In  the  south-west  of  England,  aa 
well  as  in  some  of  the  northern  coxmties,  it  was  three  weeks  behind  the 
adopted  mean.  The  blackthorn,  on  the  other  hand,  bloomed  firom  about  a 
week  to  ten  days  in  advance  of  the  average  dates,  while  garlic  hedge  mustard 
was  in  most  districts  about  a  fortnight  earlier  than  usual.  The  horse  chestnut 
was  as  a  rule  about  three  weeks  in  advance  of  the  mean.  The  hawthorn  was 
also  about  three  weeks  early,  the  white  oz-eye  about  a  fortnight  early,  while 
the  dog  rose  flowered  fuUy  three  weeks  in  advance  of  the  average  in  several 
districts.  At  Marlborough  the  first  flower  of  the  hawthorn  was  noted  on 
April  15th,  which  is  not  only  29  days  earlier  than  its  average  for  that  station 
in  the  preceding  28  years,  but  15  days  earlier  than  in  any  of  them.  The 
white  oz-eye  also  blossomed  6  days  earlier  than  the  earliest,  and  the  dog  rose 
11  days  in  advance  of  the  previous  earliest  record. 

Three  of  the  spring  migrants  on  the  list,  the  swallow,  the  cuckoo,  and  the 
nightingale,  according  to  the  returns,  made  their  appearance  in  this  country 
about  a  week  earlier  than  in  either  of  the  two  previous  years.  The  flycatcher 
also  arrived  a  trifle  earlier  than  in  1892. 

The  wasp,  the  small  white  butterfly  and  orange  tip  butterfly  were  first  seen 
from  a  fortnight  to  three  weeks  in  advance  of  their  average  records  for  the 
two  pvavious  fljpringEU 
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The  Summer^ 

This  was  not  nearly  so  abnormal  a  season  as  the  one  preceding  it. 
Thronghont  Jnne  and  the  greater  part  of  Angnst  the  weather  remained 
extremely  warm,  dry,  and  smmy,  bat  in  July,  after  the  first  week,  the  tern- 
peratmre  was  somewhat  below  the  mean  for  the  month,  while  the  rainfall  was 
for  a  time  moderately  heavy. 

In  England  the  memorable  drought  of  1898  may  be  said  to  have  lasted  18 
weeks — Le,  from  the  beginning  of  March  nntil  the  end  of  the  first  week  in 
July.  Daring  this  period  there  ocourred  but  one  week,  the  third  in  May, 
when  the  rainfaU  was  not  below,  being  generally  mach  below,  the  average. 

On  dry  soils  the  lime  trees  began  shedding  their  leaves  before  the  end  of 
Jane,  and  by  Aogast  their  foliage  had  become  qaite  yellow.  The  hay  crop, 
where  gathered,  proved  one  of  the  lightest  on  record,  but  was  harvested  in 
capital  condition.  The  pastures  also  were  so  burnt  up  by  the  heat  that  the 
cattle  and  sheep  suffered  greatly,  and  in  many  parts  of  the  country  had  to  be 
tamed  into  the  growing  com.  In  the  gardens  vegetables  made  but  poor 
growth,  peas  especially  being  in  most  places  the  worst  failure.  On  the  other 
hand,  in  some  of  the  northern  counties  of  England,  as  well  as  throughout 
Scotland  and  a  great  part  of  Ireland,  both  fi^rm  and  garden  crops  appeared  to 
appreciate  the  unusual  warmth  and  were  singularly  luxuriant,  owing  to  the 
timely  arrival  of  copious  rains  whenever  the  ground  was  begmning  to  get,  in 
any  way,  injuriously  dry.  In  all  parts  of  the  British  Isles  trees,  shrabs,  and 
plants  of  all  kinds  came  into  bloom  and  fruit  remarkably  early.  Indeed, 
many  autumn  flowers  were  out  of  blossom  before  the  autumn  began.  The 
harvest,  too,  was  remarkably  early,  being  practically  over  by  the  end  of  the 
third  week  in  August  throughout  the  southern  and  midland  counties  of 
England. 

The  crop  of  strawberries,  in  all  but  the  south-westem  and  north-western 
divisions  of  England,  and  in  Scotland,  where  it  was  about  average,  was  a 
very  poor  one.  Bush  fruits,  on  the  contrary,  were  everywhere  unusuaUy 
abundant. 

The  welcome  and  refreshing  rains  of  July  soon  made  themselves  felt,  and 
particularly  in  the  improved  appearance  of  the  pastures,  but  the  beneficial 
effect  gradually  passed  away  when  they  were  over,  so  that  by  the  end  of  the 
summer  the  grass  fields  in  most  parts  of  England  had  become  as  bare  and 
brown  as  before. 

The  continued  heat  and  sunshine  proved  favourable  to  insect  life.  For 
instance,  as  the  observers'  returns  show,  wasps  were  so  numerous  in  many 
counties  in  England  as  to  amount  to  a  plague.  Butterfiies  too  are  reported 
to  have  been  sii^^ularly  abundant,  and  the  comparatively  rare  clouded-yellow 
butterfly  again  appeared  rather  frequentiy  in  many  localities,  but  not,  how- 
ever, in  such  numbers  as  in  1892.  The  humming-bird-hawk  moth  was 
also  noted  as  unusaally  abundant  in  the  soath  and  south-west  of  England,  as 
well  as  in  some  of  the  midland  counties. 

The  black  knapweed  flowered  more  than  three  weeks  earlier  than  its  average 
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TABLE  L^LIST  OF  OBSEBYBRS. 


Station. 


Ooonty. 


n 


Obseryer. 


A. 

1  Marazion 

2  Mawnan  Smith 

3  Falmouth 

4  Liskeard 

5  Tiyerton 

6  Westward  Ho 

7  Instow 

8  West  Bagboroagh 

9  Sidcot 

ID  LoDg  Ashton 

II  Clifton 
iz  Penarth 

13  Cardifl 

14  Castleton 

15  Bassaleg 

16  St.  Arvan*8 

17  St.  David's 

18  Aberystwith 

B. 

19  Eillarney 
10  Wicklow 

O. 

21  Bembridge 

22  Blandlord 

23  Backhom  Weston 

24  Pennington 

25  StrathfieldTozgisB 

26  Bexhill-on-Sea 

27  Montham 

28  Dover 

29  Bidboroogh 

30  Lynsted 

31  Famborongh 

32  Swanley 

33  Ghislehnrst 

34  Biokley 
3$  Goneyhorst 
36  Churt  Vicarage 

36  Chart 

37  Cranleigh 

38  Winterfold 

39  Willinghnrst 

40  Oxshott 

41  Ashtead 

42  Addlestone 

43  Croydon 

44  East  Molesey 

45  Farley 
49  Salisbury 

47  Marlborough 

48  Whatley 

49  Whitchnroh 

50  Beading 

D. 

51  Oxford 

52  Cheltenham 

53  Beckfprd 


Cornwall 

Cornwall 

Cornwall 

Cornwall 

Devon 

Devon 

Devon 

Somerset 

Somerset 

Gloaoester 

Glonoester 

Glamorgan 

Glamorgan 

Glamorgan 

Monmonth 

Monmouth 

Pembroke 

Cardigan 

Kerry 
Wioklow 

Isle  of  Wight 

Dorset 

Dorset 

Hants 

Hants 

Sussex 

Sussex 

Kent 

Kent 

Kent 

Kent 

Kent 

Kent 

Kent 

Surrey 

Surrey 

Surrey 

Surrey 

Surrey 

Surrey 

Surr(>y 

Surrey 

Surrey 

Surrey 

Surrey 

Wilts 

Wilts 

Wilts 

Somerset 

Oxford 

Berks 

Oxford 

Gloucester 

Gloucester 


Ft 

40 
200 
190 
400 
270 
100 
250 
350 

200 

280 

300 
120 

80 

^5 
360 
220 

30 

IOC 

10 

80 
270 
290 
100 
200 

10 
250 
150 
420 
140 
350 
220 
360 
300 
600 
350 
300 
180 
580 
400 
210 

100 

200 

40 

150 
480 
450 
150 


200 
250 
120 


F.  W.  MlUett 
Miss  B.  Banday 
Miss  Willmore 

S.  W.  Jenkin,  C.B. 
Miss  M.  E.  Gill 
H.  A.  Evans 
H.  M.  W.  HinchlifP 

E.  G.  Aldridge,  F.B.Met.Soc 
i  W.  P.  MiUer 

(C.  B.  Bowntree 
JMissT.L.  Dyke 
( Miss  H.  Dawe 

G.  C.  Griffiths,  F.B.8. 
G.  A.  Birkenhead 

A.  Pettigrew 

F.  G.  Evans.  FJl.Met.Soo. 
W.  J.  Grant 

Miss  Mabel  Poake 

W.  P.  Propert,  LLJ).,  FJl.Met.Soo. 

J.  H.  Salter,  B.S0. 

Yen.  Archdeacon  Wynne,  F  JLMet.Soe. 
Mrs.  Wyndham  Wynne 

C.  Orchard 

J.  C.  Mansell-PleydeU,  F.G.S.,  F.L.S. 

Miss  H.  K.  H.  D'Aeth 

Miss  E.  8.  Lomer 

Bev.  C.  H.  Griffith 

H.  Le  Mesurier  Dunn 

Percy  S.  Godman,  F.Z.S. 

F.  D.  Campbell 

MLbs  Mawley 

B.  M.  Mercer.  F.B.Met.Soo. 
F.  G.  Bihiohin  Kelly 

C.  H.  Hooper 
Miss  F.  Duncan 
Miss  E.  Scott 
J.  Bussell 

Bev.  A.  W.  Watson 

C.  Criddle 

Admiral  J.  P.  Maolear,  F.B.Met.Soc. 

B.  Turvey 

A.Nash 

W.  H.  Dines,  B.A.,  F.R.Met.Soc. 

B.  M.  Prideaux 

C.  U.  Tripp,  M.A.,  F.B.Met.Soc. 
Miss  Grahame 

Lady  Jenkyns 

Miss  F.  C.  Henderson 

W.  HuBsey 

E.  Meyriok,  B.A.,  F.Z.S. 
C.  G.  Whittaker 

Bev.  J.  Blatter.  M.A.,  F.B.Met.Soa 
H.  Goadby 

F.  A.  Bellamy,  F.B.Met.Soc. . 
M.  L.  Evans 

F.  fllade,  F.B.Met.8oe, 
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TABLE  I.— LIST  OF  OBSEBVSBS— ContiniM^. 


h 

Station. 

County. 

$ 

Observer. 

D. 

Pt. 

54  Watford 

Herts 

250 

Bfrs.  a.  Bishop 
Lady  Frances  Bushby 

55  Brozbonme 

Herts 

150 

56  St.  AlbauB  (The  \ 
Grange)             j 

Herto 

380 

Mrs.  Hopkinson 

56  St.  Albans  (Ad- 
diflcombe  Ldff.) 

Herts 

400 

Miss  E.  F.  Smith 

56  St.  Albans  (St.    \ 
Peter's  Street)   / 

Herts 

380 

H.  Lewis 

56  St.  Albans  (New.) 

berries)             \ 

57  Berkhamsted 

Herts 

3*0 

H.  Lubbock 

Herts 

400 

Mrs.  B.  Mawley 

58  Harpenden 

Herts 

370 

J.  J.  Willis 

59  Boss 

Hereford 

210 

H.  Southall.  FJt.Met.Soc. 

60  Breinton 

Hereford 

230 

H.  A.  Wadworth.  F.R.G.S. 

61  Evesham 

Worcester 

120 

Bev.  D.  Davis,  B.A. 

62  Henley-in-Arden 

Warwick 

320 

T.  H.  G.  Newton.  F.B.Met.Soe. 

63  Northampton 

Northampton 

320 

H.  N.  Dixon.  M.A..  F.L.a 

64  Chnrohstoke 

Montgomery 

550 

P.Wright.  F.U.Met.Soc. 

65  Burbage 

Leicester 

430 

C.  C.  Hurst,  P.E.H.S. 

66  Thorcaston 

Leicester 

250 

Bev.  T.  A.  Prestou.  F.K.Met.Soc. 

67  Uppingham 

Batland 

300 

G.  W.  S.  Howson,  M.A. 

68  Walsall 

Stafford 

450 

W.  P.  Blay.  F.B.Met.S«KS. 

69  Tean 

Stafford 

470 

j  Bev.  G.  T.  Byves.  F.B.Met.Soo. 
iMissG.  M.  B.  Byves 

70  Beeston 

Notts 

210 

G.  Fellows.  F.R.Met.Soo. 

71  Hodsook 

Notts 

60 

Miss  Melllsh,  F.R.H.S. 

72  Eaton 

Notts 

,, 

J.  Cordeaux 

73  Bakewell 

Derby 
Cheshire 

400 

Miss  E.  Taylor 

74  Macclesfield 

500 

J.Dale 

75  Belton 

Lincoln 

200 

Miss  F.  H.  Woolward 

76  Harrogate 

Yorkshire 

340 

J.Farrah 

77  Hertford 

Herts 

140 

W.  Graveson 

78  Hitchln 

Herts 

230 

J.  E.  Little.  M.A. 

79  Ashwell 

Cambridge 

260 

H.  G.  Fordham 

80  Booking 

Essex 

240 

H.  S.  Tabor,  F.B.Met.Soe. 

81  Lexden 

Essex 

90 

Miss  Carver 

82  Spronghton 

Suffolk 

30 

Rev.  A.  Foriter-Melliar 

83  Tacolneston 

Norfolk 

190 

Miss  E.  J.  Barrow 

84  Wryde 

P. 

85  Heswall 

Cambridge 

10 

S.  M.  Kgar 

Cheshire 

160 

F.  M.  Sherwood 

86  Penmaenmawr 

Camarron 

350 

A.  T.  Johnson 

87  Glaoghton 

Lancashire 

80 

Mrs.  Kent  Green 

88  Giggleswick 

Yorkshire 

500 

E.  Peake,  M.A. 

89  Ambleside 

Westmoreland 

320 

S.  A.  MarshaU 

90  Sgremont 

Cumberland 

160 

J.  Sherwen 

91  Cronkbonme 

Isle  of  Man 

no 

A.  W.  Moore 
J.  Murphy 
Miss  C.  G.  Crellm 

92  Orrj's  Dale 

Isle  of  Man 

70 

93  Sulby 

94  Edgeworthstown 

Isle  of  Man 

80 

H.  S.  Clarke.  F.E.S. 

Longford 

270 

J.  M.  WUson.  B.A. 

95  Loaghbrickland 

Down 

350 

Bev.  H.  W.  Lett.  M.A. 

96  Saintfield 

Down 

310 

Bev.  C.  H.  Waddell,  M.A. 

97  Antrim 

Antrim 

70 

Rev.  W.  S.  Smith 

.98  Lnndondeny 
99  BaUynagard 

Londonderry 

iSo 

T.  Gibson 

Londonderry 

30 

Miss  A.  M.  CampbeU 
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TABLB  I.- LIST  OF  0B8BBVSR8— CoiKmiimI. 

1^ 

Station. 

Goanty. 

|1 

Authori^. 

H. 

loo  Dalsfaangan 
loi  Tynron 
loz  Thomhill 

103  Jardington 

104  Helensburgh 

105  Doddington 

106  Driffield 

107  Thirsk 

108  EastLayton 

109  Durham 

1 10  Low  Fell 

111  Camboia 

J. 
Ill  Aberdeen 

K. 
113  Liverbroom 

Eirkcndbright 

DumfrieB 

Dumfries 

Dumfries 

Dumbarton 

Ft. 

500 
510 
300 
100 
100 

T.  R.  Bruce 
J.Shaw 
J.  Fingland 
J.  Rutherford 
Biiss  Mairhead 

Lincoln 
Yorks  (E.  R.) 
Yorks  (N.  R.) 
Yorks  (N.  R.) 
Durham 
Durham 
Northumberland 

1: 

120 

350 
90 
20 

Rev.  R.  E.  Cole 

The  late  J.  Lovel,  F.B.MetSoc. 

A.  B.  Hall 

Mrs.  E.  0.  Maynard  Proad 

H.  J.  Carpenter 

A.W.  Pnoe 

S.  Dunnett 

Aberdeen 

40 

P.Harper 

R088 

50 

J.  A.  Fowler 

The  numbers  before  the  names  of  the  Stations  refer  to  their  position  on  the  map  of 

the  Stations,  Plate  H. 

date  in  nearly  all  the  English  districts,  hut  in  England  North-east,  BcoUand 
West,  and  Ireland  North,  the  dates  are  ahout  a  week  hehind  the  adopted 
means.  The  harebell  in  most  places  blossomed  from  a  week  to  three  weeks 
earlier  than  usual.  The  greater  bindweed,  however,  eclipsed  all  the  other 
plants  OQ  the  list  as  regards  earliness,  flowering  as  it  did  in  nearly  all  parts 
of  the  country  from  a  month  to  six  weeks  in  advance  of  its  osnal  time.  At 
Marlborough,  both  the  black  knapweed  and  the  harebell  flowered  in  advance 
of  the  previous  earliest  record  (1876-92). 

The  average  date  for  the  British  Isles  for  the  appearance  of  the  meadow- 
brown  butterfly  was  June  20th  in  1891,  and  June  10th  in  1892,  whereas  for 
1898  it  comes  out  as  May  25th. 

Ths  Autumn. 

Regarded  as  a  whole,  this  was  a  cool,  dry  and  sunny  season.  In  Septem- 
ber the  temperature  was  about  the  average,  in  October  somewhat  above  it, 
while  November  proved  moderately  cold  throughout  the  month. 

The  second  drought  of  the  year  began  in  England  about  the  middle  of 
August,  and  lasted  in  most  districts  seven  weeks.  This  was  again  a  most 
trying  time  for  vegetation,  indeed,  more  trying  in  many  places  than  the 
previous  drought  owing  to  the  greater  dryness  of  the  subsoil.  Trees  growing 
on  porous  lands  consequently  suffered  much,  and  shed  their  leaves  at  an 
unusually  early  date.  The  pastures  became  as  parched  and  brown  as  before, 
the  growth  of  the  root  crops  was  checked,  early  apples  and  pears  ripened 
prematurely,  while  comparatively  few  flowers  were  to  be  seen  in  the  fields  or 
gardens.  ~      -'  < 
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From  the  time  that  thiB  second  drought  oame  to  an  end  until  the  close  of 
the  season,  vegetable  growths  of  all  kinds  made  as  rapid  and  complete  a 
recovery  as  was  possible  so  late  in  the  year.  The  nunfaU  being  sofBioiently 
abundant,  and  the  ground  having  been  warmed  to  a  considerable  depth,  the 
green  appearance  of  the  grass  was  revived  as  if  by  magic,  so  that  farmers 
no  longer  wanted  for  keep  for  their  cattle,  while  the  growing  roots  rapidly 
increased  in  size.  The  land  was  in  a  most  favourable  condition  for  working, 
and  the  autumn  com  got  in  under  the  most  advantageous  circumstances. 

One  of  the  most  noteworthy  features  of  this  autumn  was  the  number  of  trees 
and  shrubs  which  flowered  a  second  time,  to  say  nothing  of  numerous  her- 
baceous plants.  This  does  not  appear  to  have  been  confined  to  any  particular 
district,  but  was  common  throughout  the  country.  The  most  frequent 
instances  reported  were  those  of  the  dog  rose,  bramble,  dogwood,  apple,  pear 
and  horse-chestnut.  This  second  flowering  was  no  doubt  due  to  the  shoots  of 
these  trees  and  shrubs  having  ripened  and  rested  during  the  drought  and  then 
started  afresh  into  active  growth  when  the  rains  came.  To  similar  causes 
must  be  attributed  the  second  fruiting  of  strawberries  and  raspberries  which 
was  almost  as  frequently  noted.  In  order  to  give  some  idea  of  how  quickly 
growths  were  made  and  matured  during  the  summer,  two  instances  may  be 
quoted  from  the  observers'  notes.  In  one  case  sweet  peas  are  stated  to  have 
flowered  last  autumn  from  plants  which  had  come  up  from  the  ripened  peas 
shed  from  the  pods  of  the  summer  crop.  In  another,  small  dahlia  plants 
were  sent  to  me  which  had  grown  in  a  similar  way  from  self  sown  seed. 
Fields,  too,  were  to  be  seen  in  October  gay  with  a  second  crop  of  poppies  in 
full  flower.  Wild  fruits  of  all  sorts  were  especially  abundant,  and  more  par- 
ticularly acorns.  But  only  in  certain  parts  of  the  country  were  holly  berries 
in  any  numbers  to  be  met  with.  In  most  places  the  autumn  tints  were  fine, 
owing  to  the  gradual  maturing  of  the  foliage. 

The  ivy  was  first  noted  as  in  flower  in  all  the  warmer  parts  of  our  Islands 
from  10  days  to  a  fortnight  earlier  than  usual,  but  throughout  the  colder  dis- 
tricts was  in  most  places  less  than  a  week  in  advance  of  the  mean.  At  Marl- 
borough the  ivy  came  into  flower  earlier  than  in  any  previous  year  (1876-92). 

The  swallow  appears  to  have  taken  its  departure  a  few  days  earlier  than 
in  the  previous  year. 

As  regards  the  autumn  finit  crops,  apples  proved  almost  everywhere  about 
an  average  crop,  pears  a  poor  crop,  while  plums  yielded  abundantly.  In 
many  places,  notwithstanding  the  continued  drought,  the  individual  fruits  of 
both  apples  and  pears  often  attained  an  unusual  size.  Most  of  the  early  and 
mid-season  kinds,  however,  kept  badly  after  gathering. 

The  harvest  in  all  parts  of  the  Kingdom  began  at  a  singularly  early  date. 
The  wheat  crop  was  much  under  average  in  the  Southern  and  Eastern  dis- 
tricts of  England  and  about  average  in  the  Midlands,  but  elsewhere  the 
yield  proved  as  a  rule  good,  and  the  same  remarks  apply  fairly  well  to  barley 
and  oats.  Beans  and  peas  were  much  below  average  in  nearly  all  districts. 
Potatoes,  on  the  contrary,  were  almost  everywhere  a  good  and  sound  crop. 
Turnips  and  mangolds  yielded  indifferently,  except  in  Fn^land  North-west 


Digitized  by 


Google 


l&l      MaWlBT — REPQiLT  OM  THE  PflKV'^LO'jrCVL  OBSERVATIONS 'FOBr  1896. 

TABLK  II.— Date  (Day  of  Tbab)  of  Fibbt  Plowsbino  or  Plants,  1893. 


Station. 


A. 

Marazion  

Mawnan  Smith    . . 

Falmouth 

Liskeard    

Tiverton    

Westward  Ho  .... 

Instow   

West  Bagboroagh 

Sidoot    

Clifton   

Long  Ashton    .... 

Cardiff   ,. 

Caatleton 

Bassaleg    

St.  Aryans     

St.  David's    

Aberystvnth  •••••• 

B. 

Eillamey  

Wicklow    

0. 

Bembridge    

Blandford 

Badkhom  Weston 

Pennington   

Strathfield  Tnigiss 
Bexhill-on-Sea  .... 

Mantham 

Dover     

Bidborongh  ..•••. 
Famborongh     .... 

Swanley    

Obisleharst 

Bieklev 

Coneyhnrst  

Chart  (Vicarage)  . . 

Churt     

Winterfold    .... 
WDlinghorst    .. 

Oxshott     

Ashtead 

Addlestone    .... 

Croydon     

East  Molesey    ., 

Farley    

Salisbury  

Marlborough     . . 

Whatley    

Whitchurch  .... 
Beading     

D. 

Oxford 

Cheltenham  .... 

Beckford    

Watford  ..... 
Br<xh<'ume  .. 


50 


50 
100 


71 

77 

67 
71 
66 

104 
82 
86 


64 

70 

107 

71 


I 


74 


M 


107 
95 

9> 
94 
94 

98 


91 
95 

98 
100 
92 

104 

98 

109 
107 


103 
III 


109 
120 
104 
102 


103 
105 


84 
104 

122 

99 


95 

97 

100 

103 


106 
96 
104 
104 
105 


95 
99 
99 

97 
91 

97 
108 

III 


95 
106 


99 
no 
no 
106 
109 
102 
109 

"3 

»i5 


III 

"^5 
113 

«»3 
122 
109 


114 
112 


112 

"3 
107 
112 
104 
III 
105 

102 
104 
108 
114 
III 


138 
«3i 

130 


99  »*3 
10  117 


119 
130 

121 
124 

130 

109 

'15 
126 


08  119 
116 

08 
08 

»4 
09 
04 
18 
16 
14 
«7 


119 
120 
123 

»33 
122 

146 
118 


138 
128 
130 
136 


127 

«3» 

130 

«34 
"7 
120 

117 
"4 
127 


136 


117 


117 
129 

133 
130 


130 
126 
128 
130 
128 
145 
131 
1-9 
133 
134 


I3» 

"3 
132 

»4i 
136 
129 
«33 
»34 
144 
139 
142 
142 
»37 


>33 
142 
121 

133 
130 
140 

»37 


138 
144 
138 
127 
129 
131 


139 

,»35 
'128 

"5 
>44 
142 


167 
164 
148 


166 
136 
134 


146 


17S 
130 

H5 
«45 
'35 
'43 
140 


'53 
170 


191 


192 


'59 
163 


162 


150 


140 


«44 
160 


142 
'55 
'43 


184 


168 


192 

'39 
'35 


141 
16; 

166 
155 


221 
136 
180 
'43 


'94 
185 
187 


170 

'54 
126 

'95 


'93 


148 
^7 


170 
184 
'55 


238 
H4 


268 


146 


233 


231 
267 
»33 


'76 


242 


229 


307 
249 
250 
263 
290 


194 
160 


196 
171 
166 


175 


303 


HO 
268 

259 


57 


177 
136 


206 


»54 
HI 


,83 
54 


236 
236 
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Distrioiand 
SUtion. 


I; 


s 


I 


D. 

St.  Albans  (The) 
Grange)  . , . .  f 

St.A11}an8(AdJ[4^) 

St.  AlbanM  (New-  ( 
berriee j 

Berkhamsted    . . . . 

Harpenden    , ,  • « •  • 

B0B8  

Breinton    

Eveeham   

Henley-in-Arden  . . 

Northampton    . . . . 

Ghnrobstoke 

Bnrbage     

Thareaston   

Uppingham  ..••., 

WalsaU 

Tean  

Beeston     

Hodsock    

Biaton  

Bakewell    

Maocleafleld 

Belton    

Harrogate 

B. 

Hertford    

Hitohin « . 

Ashwell  •••••••••, 

Booking     

Lexden 

Spronghton 

Taoohieston 

Wryde   

F. 

Heswall 

Penmaenmawr . . . . 

Olaaghton     

Giggleswiok 

Ambleside     

Egremont 

Cronkbonme    . .  • . 

Oxry'flDale  

G. 

Edgeworthetown  •  • 

Longhbrickhmd   .. 

Saintfield 

Antrim 

Londond< 


H. 

Dalflhangan  • 

Tynron 

Thomhill  ... 
Jardington  . 
Heleneboigh. 


76 


87 
81 

87 
88 
90 
78 
84 
82 
85 
91 
85 
94 
90 

85 
94 

t, 

84 

91 

99 

106 

99 

68 
83 
87 
9» 
87 
93 


100 

96 

109 

94 
94 

91 
103 

105 
99 

96 
106 


104. 

116 

113 
104. 

90 
96 

108 


77 


103 


67 
81 
46 

9» 


96 

97 
9» 

78 
98 

87 
91 
90 
89 
103 


3 
126 


82 

84  94 


106 
86 
98 


lOI 

100 
96 

103 
97 


"5 

113 


los 
108 


"7 
114 

•  • 

"3 
los 
107 
113 

IIZ 

109 

"5 

•  • 
izo 

114 

"3 

•  t 
129 

"5 
116 
120 

"3 
"5 

109 

99 
112 
100 
114 

109 

105 


120 
"S 

122 

no 

116 
III 
116 
116 
118 
108 


«3 

86 
10 
19 
17 
22 

»5 
»5 
>3 

22 
21 
»5 

123 


130 
122 
130 

»3i 

129 

129 
122 
125 

130 

131 
126 

140 

141 
H3 

146 
144 
»3i 
151 

31 
129 

»37 


124 


112 
142 
141 


131 


3a 


139 
142 
136 
141 


«33 

131 
136 
130 

»37 
136 
30 
iH 
124 

133 
140 
150 
139 
131 
«5i 
140 

147 
141 
141 

«53 

149 

36 

150 

139 
133 
>33 
«35 


151 


149 
156 


191 


146 
152 


146 
167 
148 
166 


186 


166 
H7 


170 


139 
HS 
182 

176 

179 
182 
162 
165 

i5» 

138 


183 

188 

186 
18s 

»9+ 
187 


163 


187 
183 
179 

1+8 

169 


188 


190 


«35 


'57 


123 
140 
14* 
'45 


167 
156 


185 
184 
160 


158 
177 
166 


137 


5» 


135 

140 
140 
146 
137 
>49 


166 
163 


156 
224 
'53 


190 
181 


180 

194 

Z06 

78 


130 


117 


34 
"5 
"5 
126 


'5« 

41 
138 

»44 


147 
138 

146 


183 
198 


182 


176 


242 
267 


»5» 


H7 
269 


H9 


173 
*53 


269 
261 
268 

»53 

H7 


226 


260 
H5 


242 

H5 
296 
247 
269 
242 


264 

247 

»55 


162 


231 
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Station. 


Doddington  . 
DrifiBeld     ... 

Tbirsk    

East  Layton 
Darhain     . . . 
Low  Fell    ... 
Cambois    •  • . 

J. 
Aberdeen  ... 

K. 
In^flrbroom  . 


•Ji 


79 

67 
97 
83 
90 

84 
114. 
102 


7:  o 


96 

85 
100 
100 

93 


103 


n 


X09 

108 
120 


147 


n 


114 

«33 
114 
124 
131 
142 


116 
132 
no 
132 
129 
130 
13a 


135    132 

I 
114    no 


13$ 

140 
148 
146 

«53 
160 


H5 
>55 
142 

"59 
H7 
«59 
x6o 

161 

141 


n 


184 

«73 
199 


184 
193 

165 

196  197 
182 

196 


187 
80 


262 

268 
261 

814 
205  268 
191 


The  dates  in  italics  have  not  been  taken  into  oonKideratiou  when  calculating  the  means 
given  in  Table  III.  (pp.  138-9;. 

Explanation  of  the  datu  in  the  Tables, 

I-  31  are  in  January.  182-212  are  in  July. 

32-  59     t«      February.  213-243    „  August. 

60-  90    „      March.  244-273    „  September. 

91-120    „      April.  274-304    „  October. 

121-15 1     •»      May.  305-334    M  November. 

152-181     „      June.  335-365    >»  December. 

and  North- east,  and  also  throughout  Scotland  and  Ireland,  l^e  crop  of  hay 
was  however  the  worst  of  the  year.  (See  Tahle  IV.).  Sir  John  Lawes  di- 
rected attention  at  the  time  to  three  noteworthy  features  in  the  English  corn- 
crops,  viz.  1.  The  poor  yield;  2.  The  good  quality  of  the  grain;  and  8. 
The  shortness  of  the  straw. 

The  Year  1893. 

In  complete  contrast  to  the  phenological  year  of  1892,  this  proved  a 
singularly  forward  one  throughout  the  Kingdom.  The  Fehruary  and  March 
plants  were  certaiuly  as  a  rule  later  than  usual  in  coming  into  blossom,  and 
m.>re  especially  was  this  the  case  in  all  the  colder  parts  of  our  Islands,  but  after 
this  the  dates  were  everywhere  more  or  less  in  advance  of  the  average,  and 
during  the  height  of  the  flowering  season  the  departures  from  the  mean  were 
often  considt-rable. 

The  year  1898  was  one  of  the  worst  agricultural  years  ever  known 
throughout  fully  two-thirds  of  England,  whereas  in  Scotland  the  crops  all 
ruuud,  with  the  exception  of  hay,  have  seldom  been  more  abundant.  The  one 
redeeming  feature  of  this  generally  disastrous  year  was  the  autumn,  which 
proved  everywhere  exceptionally  favourable  to  the  farmer.  Moreover,  it 
would  be  difficult  to  estimate  at  its  true  value  the  benefits  the  land  must 
have  received  through  the  disintegrating  effect  of  the  frost  of  last  winter, 
followed  as  it  was  by  the  fertilising  influence  of  nine  months  of  almost  un- 
mtermpted  sundiine. 
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Observers^  N0U9. 

Dbgehbbb,  1892. — Tiverton  (A.).  We  have  roses  and  Ghristmas  roses  open 
at  the  same  time.  Wichlow  (B.)>  26th.  All  tropseolnms  killed  by  frost. 
P&nningUm  (0.).  Bedwings,  fieldfares,  green  and  golden  plover  nnmerons  by 
the  end  of  the  month.  28rd.  Picked  a  bonch  of  primroses  m  a  copse.  Burbage 
(D.)*  25th.  Wallflowers  in  bloom  until  cut  by  last  night's  frost.  Inverbroom 
(K.).  let.  Noticed  a  very  large  flock  of  snow  bunting  at  sea-level,  a  very  rare 
oecorrence  on  the  west  coast.  5th.  Shot  three  grouse  in  the  valley  not  100  ft. 
above  sea-level,  where  grouse  had  never  been  seen  before. 

Januabt,  1898.  Aberyttwith.  (A.)-  6th  and  7th.  Great  rush  of  migrants 
down  the  coast,  caused  by  the  first  decided  snowfiskll  of  the  winter.  Many  thous- 
ands of  starlings  and  skylarks  passed.  8th.  Picked  u]9  several  starved  and 
crippled  larks.  Pennington  (C.)-  20th.  Winter  aconite  m  flower.  Strathfidd 
Turipss  (C).  22nd.  Winter  aconite  in  flower.  Churt  (C.).  28rd.  Winter 
aconite  in  flower.  Addlestone  {Q.).  81st.  Winter  aconite  in  flower.  WhaUey 
(C).  28rd.  Winter  aconite  in  flower.  t^hsUenham  (D.).  The  severe  firost 
tried  vegetation  very  much,  and  all  the  cabbage  tribe  suffered  severely.  Beck' 
ford  (D.).  There  being  no  snow  on  the  ground,  vegetation 'suffered  much  during 
the  long  frost — all  the  celery  firosted,  and  spring  cabbage  killed.  Berhhamsted 
(O.)*  Owing  to  the  great  depth  to  which  the  frost  penetoited  the  ground,  all  mv 
montbretias  and  glooe  artichokes  were  killed.  The  latter  had  passed  tiirou^n 
the  previous  eight  winters  without  serious  injury.  24th.  Winter  aconite  m 
flower.  Ro9B  (D.).  Frost  destructive  to  many  half  hardy  plants  owing  to  the 
suddenness  with  which  it  set  in.  Churchstoke  (p.).  Swedes  have  stood  the 
frost,  but  it  destroyed  the  turnips.  Lexden  (£j.  25th.  Winter  aconite  in 
flower.  Penmaenmawr  (F.)-  FieldfiBkres,  redwings,  and  song  thrushes  suffer- 
ing very  much  from  severe  frost  and  snow.  Edgtoorthstoum  (Q.).  22nd. 
Snowdrop  in  flower.  Tynron  (R,).  Half  the  shoots  on  a  Gloire  de  Dijon 
trained  up  the  house  wall  were  Killed  by  frost.  Driffield  (L).  Turnips  much 
damaged  by  frost.  Durham  (I.).  Wild  ducks  have  oeen  yesty  scarce.  Lap- 
wings left  during  the  frost,  but  returned  on  28rd.  Cambois  (£).  Turnip  crop 
much  injured  by  frost. 

YESBXJKBYn—Aberystwith  (A.).  4th.  Frog  spawn  seen.  Blandford  (C). 
10th.  The  first  adder  seen  here.  They  are  very  common  this  year.  My  keeper, 
without  moving,  shot  seven  basking  in  some  underwood,  besides  several  curled 
up  together,  j^og  spawn  seen.  Pennington  (G.).  No  spring  com  put  in,  owing 
to  constant  wet  weather.  11th.  Frog  spawn  seen.  Croydon  (C).  10th. 
Winter  aconite  in  flower.  WhaHey  (C).  2nd.  Primroses  in  flower.  Harrogate 
(D.).  19th.  First  frog  spawn.  DaUhangan  (H.).  4th.  Winter  aconite  in 
flower. 

March. — Marazion  (A.).  28rd.  Sand  martins  and  wheatears  first  seen. 
Mawnan  Smith  (A.).  2l8t.  Chiff-chaff  seen.  Baesaleg  (A.).  26th.  Syca- 
more in  full  leaf.  fViclclow  (B.).  16th.  Foliage  of  trees,  &o.,  extraordinarily 
heavy  and  good.  Crops  so  far  promise  well.  Bembridge  (C.)*  4th.  Gathered 
mushrooms  in  two  different  places.  5th.  Elms  in  bloom.  80th.  Humming 
bird-moth  seen.  Penningtoti  (C).  A  splendid  March  for  working  the  lemd. 
17th.  First  blackbird's  egg.  Swanky  (C.)-  Slst.  Cherry  in  flower.  Bickley 
(C).  12th.  Painted-lady  butterfly  seen.  Chart  (Q.).  Damage  done  by  frost 
to  my  tea  roses  exceptionally  great.  19th.  Gloire  de  Dijon  rose  in  flower  on  a 
south-east  wall.  Addlestone  (G.).  15th.  Almond  in  flower.  Whafley  (C). 
25th.  Insects  abundant,  especially  butterflies  and  beetles.  Cheltenham  (D.). 
12th.  Almond  in  blossom.  fVatford  (D-)*  Cherry  trees  in  full  blossom.  St. 
Albans  (Newberries)  (D.).  20th.  Frog  spawn  seen.  Churchstoke  (D.).  18th. 
Frog  spawn  seen.  ThurcasUm  (D.).  The  severe  frosts  of  this  month  did  much 
damage  to  blossoms.  Laburnums  in  some  places  had  but  one  flower  on  a 
raceme,  and  the  horse-chestnuts  lost  large  quantities  of  flowering  shoots.  Belton 
(D.).  12th.  Wryneck  heard  and  seen.  Belensburgh  (H.).  2l8t.  Hedges  quite 
green.     Think  (I.).    29th.    Butterflies  unusually  abundant  for  the  time  of  year. 

Apbil. — Maraidon  (A.)*  11th.  Clouded-yellow  and  brimstone  butterflies 
seen.  Mawnan  Smith  {Jl)»  24th.  Gooseberries  ^  to  f  in.  long.  Clifton  (A.). 
19th.  Swarm  of  bees  taken.  St.  Jurvans  (A.).  10th.  White  butterflies 
mmieroiiB.    Abtiryttm^  (A.)-    lilacs  and  all  fruit  trees  ix^  frdl  bloom  by  end  of 
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TABLE  IIL— Mbaii  Ditbs  {Day  of  Tbab)  roa  trb  Fxbst  Flowbbino  ov  Plamtb  hi  1893, 

AND  TBSZB  YaAUTIOKS  fBOM  TEH  ATBRAaS. 


Plants. 


Hazel , 

CoUflfoot   

Wood  Anemone  

Blackthorn    

Garlic  Hedge  Mustard 

Horse  Chestnnt   

Hawthorn     

White  Ox  Eye 

DogBoBO  

Black  Knapweed 

Harebell    

Greater  Bindweed    . . . 
Ivy 


33 
53 
79 
80 

95 
Id 
109 
125 
130 

^i 
176 
160 


Mean  for  the  13  Plants 


A. 

Eng.  S.W. 


If 
1^ 


§8 
■^1 


»3 
44 
58 
91 
III 
126 
131 

139 
156 

'V 

189 

195 
263 


II 

—16 

— »5 


— 22  102 
— 14  126 
—26  128 
—24  130 
—13 


—35 
-18 


118  131  — 13  106 


B. 

Ireland,  8. 


34 
39 
65 
59 
94 

lOI 


161 
229 


21 

41 
56 
91 
III 
126 
131 

160 

179 
193 
199 
266 


+13 
—  3 

+ 

— I 
— 2 
— 29I1 


3  126 
136 

—491151 
168 
167 

—37  »57 


— I 
— 3» 


.-38 


127  — 21  122 


O. 

Eng.  8. 


38 
60 

75 
86 
7|io4 
II 
12 


IF 


31 

5* 
66 

9» 
III 
126 
'3> 
139 
«55 
174 
188 

194 
270 


t 


ill 


7 
8 

+  9 

—  5 

—  7  lOI 

—15112 
-19113 
-13132 
—19138 
-23158 

—  20  184 
—27  169 
-13255 


Eng.  Mid. 


h 

15 


35 
56 
70 
93 
"3 
128 

133 
141 
158 

«77 
191 
197 
274 


S  ''36   -II 


u 

+  9 

—  4 
— 12 

16 
— 20 

—  9 
—20 
—19 

—  7 
—28 
—19 


E. 

Eng.  E. 


P. 

Eng.  N.W. 


Plants. 


Hazel     

Coltsfoot    

Wood  Anemone    

Blackthorn    

Garlic  Hedge  Mustard 

Horse  Chestnut   

Hawthorn 

White  Ox  Eye 

Dog  Bose 

Black  Knapweed 

Harebell     

Greater  Bindweed    . . . 
Ivy 


38 
56 
76 

85 
101 
109 
112 
130 

135 
149 

187 
169 
246 


Mean  for  the  13  Plants  123    136 


36 
57 
71 
95 
'>5 
130 

135 
»43 
157 
176 
190 
196 
»73 


+ 

—  I 

+ 

— 10 
—14 
—21 
— ^3 
-13 
—22 

-17 

—  3 

—  27 


45 
66 

87 
91 
"4 
114 
119 
136 
140 
158 
172 
162 


-27*57 


32 

67 
97 
117 
132 
'37 
<45 
161 
180 
194 
200 
271 


+^3 
+13 

4-20 

—  6 

—  3 
—18 
-18 

—  9140 
—21 
—22 


-38 

— I 


13  128    137  I—  9  132    134 


G. 

Ireland,  N. 


H. 

Scotland,  W 


If. I. 


51 
71 

83 

92 

114 
123 


142 

190 

190 
4*55 


*9 
50 
64 

97 
117 
132 
M7 
>45 
164 

183 
197 
203 

271 


+22 

+21 


•at 


-f  19  96 


—  5 

-l8 


99 
119 
124 
—14  128 
—  5  144 


—22 

+ 

— >3 
— 16  231 


144 

194 

179 
162 


11. 
^1 


33 

54 
68 

99 
119 

<34 
»39 
147 
164 
183 
197 
203 
273 


H'34    '39     -   5 


+  13 
+H 
+28 

Av. 

Av. 
—10 
—II 

-  3 
-20 

+  " 
-18 

-4' 
-42 


-|-  indicates  the  number  of  days  later  than  the  average  dHte. 
—        „  M  .*     earUer      „  „ 

Av.     „  average  date. 

N.B. — The  dates  in  italics  have  not  been  taken  into  consideration  when  calculating 
the  mean  dates  at  the  bottom  of  the  Table,  nor  the  means  for  the  British  Idcs. 

first  week.  Beminidge  (C).  9th.  Cnckoos  and  swallows  numerous.  20th. 
Clouded  yellow  butterfly  seen.  Buckham  Wenlon.  (C).  26th.  Horse-chest- 
nuts and  hawthorns  in  full  flower.  FenningUm  (C).  Vegetables  Retting  very 
scarce.  Plants  coming  quickly  into  bloom,  but  flowers  soon  over.  Pasture 
grass  burnt  up  and  feed  very  scarce— mangolds  having  to  be  drawn  to  the  c«Ul<d 


Digitized  by 


Google 


MAWLST — ^BKPOBT  ON  TB:i:  PHRNOLOaiOAl     «fi8BBVATlON8  VOB  1996*      180 

TABLE  ni.— Mbar  Datbs  (Day  of  Tbab).  worn  vbs  ^nuTFLowBBiiro  ovFliiiiTsni  1893, 
urn  TBMOk  VABUTiOHB  vBox  THB  AYmsLkon— Continued. 


Plants. 


I. 

Eng.  N  JS. 


II 


J. 

SootlaadtE. 


X. 

Sootland,N. 


§^ 


Britiflh 
Idea. 


Hazel     , 

Coltsfoot    , 

Wood  Anemone    , 

Blackthorn    

Garlio  Hedge  Mastard 

Horse  Ohestnat    , 

Hawthorn      

White  Ox  Bye 

Dog  Bose 

Black  Knapweed  . .    . . 

Harebell    ( 

Greater  Bindweed    . . . 
Ivy         


54 
60 

83 
94 
112 
126 
126 
»45 
i5» 
188 
184 

9« 
26s 


37 

58 

7a 

102 

122 

*37 

141 
150 
163 
182 

196 
202 

»74 


->7 

-  2 
-II 

-  8 

-10 

-II 
-16 

-  5 
-II 

-  6 


74 
H4 


135 

132 

160 

61 


-12  [96 
-II 
—  9 


88 
59 
73 
103 
193 
138 
143 
151 
166 
186 

99 
205 
277 


+15 
+41 


—  3 

—  II 

+  9 

-  5 

-  3 


Mean  for  the  13  Plants  1 137 


141  1-41139 


»33 


51 

58 
102 
103 

14 
no 

141 


37 

58 

7» 

no 

130 

H5 

150 
158 

173 
192 
206 
212 
276 


+I4| 
Av 

+30 
—  7 

—3' 

— ^40  117 
136 


43 
62 

85 
88 

05 
"5 


i" 

+«8 
9 


115  — 10 


-32 


141 
163 
181 
170 
249 


+J 


97 


106  —  9  127 


132 
137 
144 
162 
179 
193 
199 
271 


«7 
— 20 

-  8 

—  21 
—16 
— 12 
—29 
-22 


'37  — 'o 


-|-  indicates  the  number  of  days  later  than  the  average  date. 
—        „  „  „     earlier      „  „ 

At.      ,,  average  date. 

N.B.— The  dates  in  italics  have  not  been  taken  into  consideration  when  calculating 
the  mean  dates  at  the  bottom  of  the  Table,  nor  the  means  for  the  British  Isles. 

daily.  The  medlar  flowered  85  days  earlier  than  in  1892.  StrathfiM  TurgtM 
(0.).  The  wet  Februanr  and  dry  warm  March  have  produced  early  moventents 
on  the  part  of  the  birds,  but  vegetation  generally  is  backward.  SwanUy  (0.). 
29th.  Commenced  picking  gooseberries  for  market.  Chislehurst  (G.).  Poison- 
ous adder  killed  over  2  ft.  long,  none  of  the  sort  seen  for  20  years.  Bickley 
(0.).  20th.  White  water-lily  in  flower.  Coneyharsl  (0.).  80th.  An  oak  in 
leaf  and  quite  green.  Churt  {fi.),  2nd.  Wr3meck  first  heard — an  unusually 
early  date.  Addleatone  (Q,).  At  the  end  of  the  month  hedge  sides  and  fieloCs 
were  covered  with  flowers,  and  the  trees  with  leaves.  EaH  Molesey  (C).  80th. 
The  horse-chestnut  avenue  in  Bushey  Park  now  in  full  bloom — ^a  remarkably 
early  date.  SalUhury  (C).  A  garden  crab  watched  for  17  consecutive  years 
flowered  on  the  4th,  or  three  days  later  than  in  1882.  In  1879  it  did  not  open  a 
flower  till  May  22nd.  Whitchurch  (0.).  21st.  Elms  so  fully  out  as  to  make 
complete  shade.  Reading  (C).  28rd.  The  river  (Thames)  is  gradually  falling, 
and  is  now  2  ft.  below  the  usual  level  at  this  time  of  year.  Oxford  (D.).  Haw- 
thorn in  flower  on  20th,  18  days  earlier  than  the  previous  earliest  date,  1882. 
Beckford  (D.).  14th.  The  blossom  on  the  cherries,  plums,  and  pears,  damaged 
by  frost.  Sl  Albans  {Addiscombe  Lodge)  (D.).  Seeds,  in  spite  of  being  watered, 
refused  to  germinate  till  rain  came.  Sweet  peas  sown  March  20th  came  up 
April  18th.  Watford  (D.).  8th.  Wryneck  first  seen  emd  heard.  Berkhamsted 
(Dj.  let.  A  wild  cherry  in  flower  a  month  in  advance  of  the  previous  7  years' 
average.  Rose  (}).).  8rd.  41difrerent  wild  plants  noted  in  one  week.  Breinton 
(D.).  14th.  Oaks  and  elms  came  into  leaf  together.  Burbage  (D.)«  Cuckoos 
unusually  numerous  this  year.  Wf dealt  (D.).  17th.  Orchards  in  fall  blossom. 
Have  never  known  such  a  display  of  bloom  in  this  district.  Beeeton  (D.).  The 
swallow  was  first  seen  two  days  later,  and  the  cuckoo  heard  five  days  earlier 
than  their  respective  average  dates  for  the  previous  18  years.  14th.  Apples, 
cherries,  and  damsons  in  full  bloom.  IJodsock  (D.).  1st.  Wild  cherry  in 
flower.  24th.  Elms  in  leaf  and  some  oaks,  but  no  beeches.  Harrogate  (D.). 
Apples,  pears,  and  cherries  generally  in  bloom.    Hitchin  (E.).    Swift  first  seen. 
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TABLE  17.— Datb  (Day  ov  Teab)  ov  Soro  axd  MiaBATzoir  of  Bibdb,  ard  Fxbst 
Afpaabanob  or  Insbcts,  1893. 


Station. 


A. 

Marazion  

Mawnan  Smith   .... 

Falmouth 

Liskeard      

Tiyerton    

Westward  Ho    

Instow    

West  Bagborongh    . . 

Sidcot    

Clifton   

Long  Ashton    

Penarth     

Cardiff    

Castleton 

Bassaleg    

St.  Aryan's    

St.  David's    

Aberystwith      

B. 

Eillamej  

Wioklow    

O. 

Bembridge    

Blandford 

Backhom  Weston    . . 

Pennington   

Stratbfield  Torgiss  . . 

Bezhill-on-Sea 

Mantham 

Dover     

Bidboroagh  

Lynsted 

Swanley     

Chislehorst    

Bickley    

Ooneyhorst    

Churt  Vicarage    . . . . 

Churt     

Cranlei^h 

Winterfold    

Willingharst     

Oxshott 

Ashtead     

Addlentone    

Croydon     

EastMolesey    

Farley    

Salisbury  

biarlborough     

Whatley    

Whitchurch 

Beading     

D. 

Oxford   

Cheltenham 


Song. 


it 


33 

20 
24 


35 
34 
3» 
28 

»5 

18 
107 


13 
28 

49 
28 

30 


36 
31 
41 

49 
35 
3« 

30 
37 
24 


35 
24 
^3 
91 


»9 


Migration. 


103 
109 


87 

107 
106 

So 
98 


96 

87 

106 

77 
94 

95 

77 

87 

99 

99 

zoi 

93 

lOI 

94 


109 
106 
102 
100 
8s 

96 

96 

103 

10 

98 


93 
105 


it 


107 
no 


108 


103 

"3 

100 

103 

93 

93 


109 
107 
107 
107 
no 
109 

16 
no 

90 
103 

lOI 

100 

100 
103 

lOI 


104 
no 
108 
104 
108 

99 

107 
104 
100 
100 
100 
106 
05 
93 

no 
102 


109 

108 

ni 

91 


a   _ 

r 


ri 


"3 
"3 


112 
112 
no 


103 
100 


J  08 
103 

lOI 

105 


104 
106 
104 

"4 
106 

94 
102 

106 

'3 
04 
01 

ic8 
106 


09 
109 
no 


107 
105  H14 


81 


127 


125 

144 


141 
142 

134 


283 
288 
291 
282 


129 


130 


137 

5 
122 
£42 


130 
130 

126 

18 


99 


n8 
164 


428 


h 


279 


266 
291 


271 


302 

^77 


293 

275 

301 


282 

2^8 

284 

288 
285 
269 
z86 

277 


291 
28I 


i!i 


Lisects. 


79 


59 


66 


50 


82 


104 
90 


55 
88 

63 

50 

102 

84 


80 


71 

86 

89 

103 

88 

80 

86 

81 
99 

87 

89 
84 

78 
91 

88 

9* 
88 

94 


90 


94 

85 
84 
92 
104 


123 
123 
127 
124 


99 

97 

100 

63 

93 

105 

106 

95 

100 
125 
109 

101 
9» 

»44 
92 

9« 
in 

108 

"3 
109 


141 
112 

5 

109 
96 


99 


'»5 


80 
82 
84  107 


99 


154 
158 

136 


i5» 
146 

116 
142 

146 

123 

x6^ 

154 


'45 
128 

«55 
135 
i4f 


170 


33 


161 


140 
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TABLE  IV.— Datb  (Day  ov  Tiab)  ov  Soho  ahb  Miobaixoh  ov  Bzbdb,  ars  Fxin 
Afpbabahob  or  Ihssots,  1893— CofitinuMl. 


Station. 


Beckford    

Watforf     

Broxbonme 

St.  Albans  (The  Grange) 
St.  Albana  (Add.  Lodge) 
St.  Albans  (St.  Peter's  Street) 
St.  Albans  (Newberries).. 

Berkhamsted    

Harpenden   

Itoss  

Breinton    

Kvesham  ••... 

Henley-in-Arden 

Northampton   

Chnrchstoke 

Bnrbage 

Thnroaston  

Uppingham 

WalsaU 

Tean 

Beeston .    . . 

Hodsock    

Eaton     

Bakewell    

Maodesfield 

Belton    

Harrogate 

B. 

Hertford    

Hitohin 

AshweU 

Booking     

Lexden 

^>p^ooghton   

Taoolneston 

Wryde 

F. 

Heswall     

Penmaenmawr 

Glaoghton 

Giggleswick 

Ambleside     

Egremont 

Cronkboome 

OriysDale 

Snlby 

G. 

fidgeworthstown 

Longhbrickland   

Saintfield    

Antrim  

Londonderry 

Ballynagard 

H. 
Daldiangan 


Song. 


Ill 


21 

a4 


»9 
»9 

50 


45 
18 


as 

22 
30 


45 
20 

»9 


3» 


26 
30 
30 

28 


a? 
33 
27 
29 

»5 
79 

22 
31 

35 
33 
22 


liigration. 


102 
105 


122 
98 
98 

108 
109 
104 

90 
106 

99 

106 
102 
105 
III 
108 
109 

lOI 

109 
94 
"3 
105 
104 


98 
100 

109 
112 


97 
106 
1x2 
105 
107 
101 
135 
124 
no 

95 

96 

102 

III 

109 

95 


31  no  114 


105 
104 
108 


113 

99 
104 
100 

97 
109 
109 
107 
9» 
9* 
102 
106 


III 
106 
108 


103 
109 
107 

•  • 
109 


108 

"3 
106 

"3 
no 
no 

"7 

"I 
X08 

95 


109 
107 
109 
109 
in 


"5 

103 
107 
"5 
"5 
n6 
109 
123 
112 

I2X 

1X2 
XXO 

XX4 
"7 

1X2 
1X2 


1.1 


XO4 
106 
XO8 


X36 

1160 


X48 
1*7 
»3i 

X36 
'45 

124 

"34 
138 


IX 

107 


I3« 
122 


X06 


94 
106 

"3 
X09 
105 


1^ 


175 


283 


280 
282 


281 


281 


282 


»3i 
120 


136 


140 
"33 


1x8 

"5 
1x4 


138 
X18 
X27 


124 


X27 


273 
285 
294 

292 

285 


280 
287 


279 
299 


*53 

292 

^73 


^75 
280 


259 


InseotB. 


I 


50 


B^ 


94 

X08 

96 


82 

75 
119 

79 

64 

67 

88 

93 
[fi 

59 
94 

68 

97 


94 


XX7 

I,' 

81 

3» 
X13 

96 

If 


9* 

80 

89 
«3 

1: 

87 
89 

6j 

97 

•  • 

93 

^1 

X08 


93 


"5 

•  • 
85 


X05 

9a 
117 


"5 

88 
X09 
100 
100 

XX2 


%& 

S 


XO8 
XO7 

•  • 
XO6 


103 
XI2 

xx8 
109 

93 

126 

108 
X08 


1x2 
123 


128 

ihi 

i6x 


«44 
1x2 


IXI 

108 


X2X 
96 


1X3 

"7 
1x8 


no 
X13 

"3 
X14 
1x2 


129 


»59 


X48 
124 


123 
163 


X69 
'34 


140 


170 

X72 
x68 
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TABLE  v.— Dati  (Day  or  Yiab)  or  Song  and  MmB^noH  or  Bnura,  and  Fntsir 
Appbabahgb  or  Ivfiioxs,  1893— Continued. 


Station. 


H. 

Trnron 

Thomhill 

Jardington    

Helensburgh     

Doddington 

Driffield 

Thirsk   

East  Layton 

Durham    

Low  Fell   

Gambols    

J. 
Aberdeen   

X. 
Inverbroom 


49 

36 
»3 


46 
»9 
37 
30 

33 
47 

28 


Migration. 


100 
113 
113 
105 


109 
102 
114. 
112 
118 
112 

119 


112 
113 

"5 

114 

109 
114. 
"5 

IDS 
121 
109 

"5 
121 


i 

GQ  tf 


139 


136 


130 


Insects. 


297 
293 

^74 
290 
273 
263 

272 


131 


5. 


109 
97 


94 

76 

100 

109 


112 
128 
102 


"5 
129 


166 


168 


Mean  Dates  for  the  British 
Isles  in  1893 


31 

Jan. 
3iBt 


103 


107 


107 


130 


282 

is 


o^S,^ 


56 

\is 


84 


91 


Mean  Dates  for  1891-s 


Feb. 
4th 


t3 


P*  IT) 


:r£ 


tl 


p4  rl 


^1 


►wd 


I: 


i^ 


The  dates  in  italics  have  not  been  taken  into  consideration  when  oalonlating  the 
means  for  the  British  Isles. 

Penmaenmatmr  (F.)<  6th.  Onokoos  very  plentifol.  Qiggleswich  (F.).  I  have 
never  before  seen  such  blossom  on  the  sycamore  and  ash.  Saintfield  (Q,).  8th. 
Never  remember  to  have  seen  the  hedges  so  green  so  early  in  the  year.  Inver- 
broom (Ei).    t29th.    Lilac  in  flower. 

Mat. — Marazion  (A.).  The  dronght  has  had  a  disastrous  effect  on  the  staple 
prodnoe  of  this  district,  potatoes  and  broccoli.  One  grower  planted  one  ton  of 
potatoes  in  a  meadow,  and  the  produce  weighed  exactly  one  ton  and  nine  pounds. 
Mawnan  Smith  (A.)*  Fruit  blossom  abundant.  18th.  Swift  seen.  81st.  Hay 
being  cut,  very  poor  crop.  Cows  turned  into  uncut  hay.  Falmouth  (A.).  14th. 
Bipe  wild  strawberries  gathered.  Liskeard  (A.)*  Trees  and  shrubs  flowering 
very  freely.  Owing  to  drought  and  sunshine  everything  brought  very  rapidly  to 
maturity.  Scarcely  any  hay.  Sidcot  (A.).  Many  wild  plants  appear  in  a  very 
stunted  form,  especially  the  orchis,  many  being  in  fiill  flower  and  less  than  an 
inch  high.  Clifton  (A.)-  Blackthorns,  hawthorns,  and  chestnuts  were  thiokly 
covered  with  blossom,  .but  owing  to  the  great  heat  the  flowers  quiddv  fiftded. 
Tlie  emergence  of  insects  was  remarkably  early.  Long  Ashton  (A.),  l^e 
grass  has  been  entirely  burnt  up,  and  for  some  few  days  smelt  just  like  hay. 
Penarth  (A.)-  The  warm  weather  caused  insects  to  appear  in  great  numbers 
during  the  spring.  The  different  speoies  of  lepidoptera  were  about  a  month 
earlier  than  usual.  CcutleUm  (A.)*  All  grass  lands  suffered  and  remained  bare 
for  lack  of  moisture.  The  nightingale,  which  only  visits  these  parts  in  excep- 
tionally fine  seasons,  was  in  fdU  song.  BasscUeg  (A.).  80th.  Wheat  in  tm 
ear.    bU  Arvan'i  (A«).    Pwtare  lands  v^ry  bare  mi  bzown.    1^  David'i  (A.). 
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TABLE  Vn. 

ATPBOXnUTB  VaBUTIOVB  IBOM  THB  ATZBAGB  IN  1£bAB  ThKPBRATUBB,  BaXHI ALL,  AND 

SUNSHINB,  1892^3. 

Winter  i892-93. 
Temperature. 


Months. 

Eng. 
SW. 

Ire. 
S. 

Eng. 
S. 

SSi- 

Eng. 
E. 

Eng. 
NW. 

Ire. 

N. 

Scot. 
W. 

^1 

Soot. 
E. 

Scot. 

N. 

December .... 
January     .... 
Febmary  .... 

0 

— 2«0 

-3-8 
+r8 

+0-3 

0 

— 2'0 

-5-0 
+»-5 

0 
-3.0 

—2-8 

+2.0 

-2^.8 
+1-5 

0 

z::| 

+1-8 

0 
— 0-3 

+1-5 
+I-0 

0 

— 2*0 

0 

0 
—3-0 

0 
— 2-3 

+i*o 

Winter  .., 

—1-3 

— 0-3 

— «-5 

—1-3 

—1-9 

— 1'2 

+07 

— ro 

— 1*2 

—1-2 

—1*4 

Bain. 

December  .... 
January     .... 
February   .... 

Ins. 

—2-3 

+1? 

Ins. 
—1-6 
--0-8 
+1-3 

Ins. 
—1-6 
— 0-8 
+10 

Ins. 
-1-6 
—07 
+09 

Ins. 
—1*3 

O'O 

+08 

Ttir. 

+12 

Ins. 

— I'O 
— I'O 
+VO 

Inn.    Ins. 
— 2-6  — I '4 
-.3-4;  -0-6 
+ri|+o-4 

Ins. 
—1-6 

+0-4 

Ins. 
— 19 

— I'O 

+0-S 

Winter  .... 

-1-8 

-,.. 

—1-4 

-"1*4 

-0-5 

—1-9 

— 1"0 

-4-9 -1-6 

— 2*1 

— »-4 

Snndiine. 

December  .... 
January     .... 
February  .... 

hrs. 

+14 

hrs. 

—  4 
—15 

—  4 

hrs. 

+1 
+  « 

hrs. 

+18 

0 

^  2 

hrs. 

±'l 

—  6 

hrs. 
+20 

—  5 

— 12 

hrs. 

11 

hrs. 
—  5 

hrs. 

+19 
—  I 

+  3 

hrs. 
+  4 

=1 

hrs. 
— II 

+  5 

—  4 

Winter  .... 

+19 

—23 

+17 

+16 

— II 

+  3 

-13   +  I 

+»« 

—21 

— 10 

Spring  1893. 
Temperature. 

Hardh    

April 

May    

0 

+3-2 
+5-8 
+4'» 

+2^ 

+4-5 
+4.-0 

0 
-j-30 

--4*5 
+3-4 

0 

4.3-2 

+4-5 
+3-6 

0 
+3*o 
+3-0 
4-2-8 

+2?8 

+4'8 
+3-6 

+2% 

--4.3 
--4-0 

j3-8 
+3-4 

0 

--i«8 
+30 

0 

4-2*2 

--3*3 
-j-3-2 

+1-8 

Spring    .... 

+4-4 

+37 

+3-6 

+3-8 

+2-9 

+37 

+3-6 

+3-1 

+2-6 

+1-9 

+2-6 

Bain. 

March    

^  :::::::: 

Ins. 

— 2'1 
— 2-1 
— I'l 

Ins. 

—2-4 

Ins. 

—  I'O 

—1-3 

Ins. 

—1-4 
—1-4 
—07 

Ins. 

— I'O 

— «-5 

—1-2 

Ins. 
— 0-9 
—1-4 
— 0-5 

Ins. 
-ri 

—  I'O 

— 0-8 

Ins. 

— «7 
—1*1 

—07 

Ins. 

—07 

— 1*4 
-o's 

Ins. 

—1-4 
— 0-9 

—  I'O 

Ins. 

—07 
-o'9 

Spring   .... 

—5-3  -47 

—3-9 

—3-5 

—37 

—2-8 

—2-9  —3-5 

—2-6 

— 33 

— 2' I 

Sunshine. 

March 

hrs, 
--  70 
..98 
+  40 

hrs. 
+  26 

+  37 
+  40 

hrs. 
--  91 

n 

hrs. 
-.  86 
--105 
--  24 

hrs. 
+84 

hrs. 
—  19 

hrs. 
--17 
+30 
—63 

hrs. 
—19 

hrs. 
+  65 
+  90 
—    3 

hrs. 

+50 
+22 

—34 

hrs. 

Spring   .... 

1 

+108 

+X03'+242 

+*.5 

+i97j+"7 

—16 

+«3 

+152 

+38 

-57 

^  iBdioMBB  lOxifp  tti#  AvanigBi  —  bdow  tt. 
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TABLE  Vn. 

Vabutions  vbox  tbb  AyBBAOB^CoTUinue^. 

Summer  1893. 

Temperature. 


Months. 

Eng. 
SW. 

Ire. 
S. 

Eng. 
S. 

Eng. 
Mid. 

1 

Eng.  Eng. 

E.    |NW. 

Ire. 

N. 

Scot. 
W. 

+10 

+Z-6 

fl 

Scot. 
E. 

Scot. 

N. 

June  

July    

August 

0 
+3-3 
+1-8 

+3*o 

0 

+3-0 
+3'^ 

+  I-0 

+2-8 

+3-0 
+1-3 
+  3-8 

+i-8 
+08 
+2-6 

+1-8 
+3-4 

0 
+3*5 

—OS 
,+3-4 

0 

+2-3 

+03 

+2-8 

0 

+*-5 
+1*8 

+2-4 

Summer    . . 

+*7 

4-2-6 

+22 

+27+17 

+28+27 

+2-1  ^+1-6 

+r8|+2-2 

1 

Bain. 

June  

July    

August  

Ins. 

—  !•! 

+1-8 
—1-4 

Ins. 
— 0-8 
— 0-4 
+0-3 

— 09 

Ins. 
-0-9 

+  1-2 
1*2 

Ins. 
— I'l 
+0-3 
—  i-o 

Ins. 
—0-9 

+0-2 

—•3 

Ins. 
—0-4 

+0-2 

— o'6 

Ins. 
-0-6 
I+0-5 
+09 

Ins.    Ins. 
-1-5  -06 
+o-2'+o-4 
1  — o'6  — 07 

Ins.  1  Ins. 
+0-6— 1-6 
— o-3,+o-4 

— 0-4  +0-2 

Summer    . . 

—07 

— 0-9 

—1-8 

— i-o'-o'S  +0-8 

—1-9 

—0-9 

— o-i 

— i.o 

' 

Sunshine. 

June  

July    

August   

hrs. 
+  71 

+  44 

hrs. 
+16 
—  6 
+41 

hrs. 
+  44 
+     ^ 
+  55 

hrs. 

+58 

hrs. 

±n 
+40 

hrs.    hra. 

+36  +  38 

1+  I  +  30 

+39  4-41 

hrs. 
+36 

+4I 
+75 

hrs. 
+30 

—  12 

+5» 

hrs. 
+»3 

hrs. 

+  6 

-27 

-17 

Summer    . . 

+116J+S1 

+105 

+s. 

+67J+76 

+109 

+70 

—  2 

-38 

Autumn  1893. 
Temperature. 

September    . . 

October 

November 

0 
4-0-3 

— 1*2 

0 
—0-3 

O'O 

— 3-0 

0 
o-o 

+*-5 

—2*2 
+0-I 

+o?3 

+2-5 

0 

—1-4 

+0-3 

+2-0 

-16 

+0-3 
+0-8 
—1-6 

0 
-0-5 

+  ..3 
—  1-8 

0 
O'O 

+'•8 

I'O 

-o?8 
+.•8 
—  2-6 

— ro 

+1-3 
-3-2 

Autumn 

— 0'2 

— 1*1 

+0-3 

—  O'l 

+0.2 

— 0'2 

— 0-3 

+0-3 

-0-5 

—  I'O 

Bain. 

September    . . 

October 

November  . . . 

Ins. 
— ri 

+0-6 

— 2*2 

Ins. 

I'O 

—0-4 

— 2'0 

Ttib. 

— 0'2 
+  1.1 
1'2 

Ins. 

-0-5 
—1-5 

Ins. 
—1-6 

+0-2 
+0-2 

Ins. 
+0-6 
+0-3 
— 1'4 

In  a. 

—  O'l 

+0-3 
—1-6 

Ins. 

—  fO 

+  "■3 
—2-4 

Ins.    Ins. 
— 0-8  — 0-6 
— I '2  — o'4; 

— 0-2  — O'S 

Ins. 

--3"4 
--3-0 
--2-4 

+8-8 

Autumn     . . 

—17 

-3-4 

— o'3— 3-5 

— 1"2 

-o's 

-'•4 

— 2-1 

— 2-2l — 1'5 

Sunshine. 

September.... 

October  

November .... 

hrs. 
-.13 

hrs. 
--16 
--  4 
+^3 

+  33 

hrs. 
+17 
+21 
+18 

hrs. 
-.31 
--20 
--12 

hrs. 

+  •9 
+26 

+13 

hrs. 

--I3 

hn. 
+»3 
+  4 
+31 

hrs. 

+ZO 

+3» 

hrs. 
"34 

::ti 

hrs. 

t.i 

+  3 

hrs. 

0 

-36 

-13 

Autumn .... 

+4» 

+56 

+63 

+58 

+22 

+S8 

+63 

+95 

+»7 

—49 

The  above  Table  has  been  compiled  from  the  variations  from  the  mean  given  in  the 
Wukiy  Weather  ReptyrU  Issued  by  the  Meteorological  Office. 
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GhrafiB  lands  generally  soorohed  and  bare.  Mnoh  late  sown  barley  has  not  germi* 
nated,  and  turnips  have  oome  up  and  withered  away.  Aberystwith  (A.).  Blst. 
Grass  crop  extremely  thin  and  scanty.  Killamey  (B.).  No  real  mjury  done 
here  by  drought.  21st.  Peas  and  potatoes  ready  for  eating.  BemhridgB  (O.)* 
8th.  Gathered  ripe  strawberries.  Meadow  and  grass  orops  dried  np,  no  pros- 
pect of  any  hay.    Wheat  orops  suffering.    Barley  not  half  sown,  ana  what  has 
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Fig.  1.— Mean  Dates  (Days  of  Tear]  of  Floweringofthe  Plants^  .in  1893,  and  also 
the  Average  Dates. 

been  sown  remains  dormant,  as  is  the  case  with  many  other  small  seeds.  Buckhom 
WesUm  (O*  •^  flowering  shrubs  and  trees  have  bloomed  in  an  unusual  degree, 
while  other  plants*  have  not  been  up  to  the  average.  A  great  scarcity  of  birds 
this  season.  10th.  Picked  ripe  strawberries.  15th.  No  food  in  the  pastures 
Ibr  the  cattle.  Pennington  (C.)«  5th.  Gathered  a  bunch  of  Mar^chal  Niel  and 
Gloire  de  Dijon  roses  from  a  wall.  22nd.  Commenced  cutting  permanent 
pasture  grass,  the  worst  crop  ever  known.  Strathfield  Turgiss  (C).  Plants 
flowering  abnonnally  early,  but  their  growth  greatly  stunted.  Migratory  birds 
do  not  seem  to  have  been  afifected  by  the  unusual  weather,  indeed,  some  are 
later  than  the  average.  From  the  dr^rness  of  the  weather,  the' mud  using  birds, 
especially  swallows,  martins,  and  swifts,  have  had  great  difficulty  in  making 
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their  ndsta,  several  falling  from  the  non-ooherenoe  of  the  material  employed. 
The  late  building  thrashes  and  nuthatches  also  have  been  sore  put  to  for  '*  clay." 
Lynsted  (C.)-  Owing  to  a  wet  February  and  drought  following,  a  large  acreage 
of  land  intended  for  spring  com  has  not  been  sown.  Famborough  (C.).  2Qtn. 
Strawberries  sent  to  market,  most  onusuallv  early  for  field  grown  fruit.  Swanley 
(C).    Seeds  germinate  very  slowly.     Bkfcley  (0.).     Foliage  on  trees  fall  and 
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Fio.  2.— Mean  Dates  (Days  of  Tear)  of  Flowering  of  the  Plants  in  1893,  and  also 
the  Average  Dates. 

perfect,  also  flowers,  especially  horse-chestnuts.  Ohurt  (Q,),  Ist.  May-fly  seen. 
80th.  Dahlias  damaged  hy  frost,  and  in  the  lower  portions  of  the  parish  the 
potato  haulm  was  killed.  31st.  The  rise  of  the  May-fly  is  now  practically  over. 
In  many  years  it  is  hardly  beginning  at  this  date.  Oxshott  (C).  Hardly  any 
grass  or  vegetables,  owing  to  the  absence  of  rain.  Wheat  ears  fully  formed  by 
end  of  month.  Ashtead  (C.)*  Young  seedling  trees,  especially  beech,  killed  by 
drought.  At  end  of  month  there  were  a  number  of  bright  red  and  brown  shoots 
to  be  seen  on  the  oak,  maple,  dogwood,  &c.,  reminding  one  of  the  so-called 
**  lammas  shoots  '*  usually  seen  in  August.  Addle* tone  (C.)>  Seeds  sown  did  not 
germinate  owing  to  dryness  of  soil.  30th  anri  81><t.  Potatoes  blackened  by 
frost.    Grasses,  corn,  &c.,  flowering  prematurely  and  very  short  in  the  stalk. 
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East  Molesey  (0.)-  l^th.  Trees  and  shrabs  none  the  worse  for  the  long 
drought,  but  small  plants  drooping  and  grass  dried  up.  Farley  (0.)«  Crops 
muoh  injured  by  drought,  particularly  the  grass.  7th.  Gloire  de  Dijon  and 
Mar^ohal  Niel  roses  in  bloom.  Hawthorn  in  fall  beauty  before  May  1st.  81st. 
Potatoes  injured  by  frost.  Marlborough  (0.)-  Common  yellow  toadflax  (Linaria 
vulgaris)  44  days  in  advance  of  its  average  time,  and  the  earliest  yet  observed. 
Beading  (G,).  The  hay  off  three  fair  sized  meadows  was  loaded  on  one  cart. 
Oxfwa  (D.).  15th.  Dog  rose  in  flower  16  days  earlier  than  the  previous 
earliest  date.  May  80th,  1880.  Cheltenham  (D.).  very  fine  show  of  blossom  on 
firuit  trees,  but  cold  nights  and  drought  prevented  much  of  it  setting.  Flowers 
of  cowslips,  buttercups,  ox-eye  daisies,  &o.,  stunted  and  small,  but  trees  and 
shrubs,  the  roots  of  which  go  down  deeper,  blossomed  splendidly.     Beckford 

iD.).  The  foliage  of  the  woods  is  magnifioent,  and  there  is  a  grand  show  of 
dossom  on  the  fruit  trees.  Some  of  the  field  grasses  not  worth  cutting.  20th. 
Strawberries  ripe.  29th.  Bed  currants  ripe.  Watford  (D.)  Few  wild  flowers 
to  be  met  with.  Many  bullfinches  in  the  garden,  which  is  unusual  for  Watford. 
Broxboume  (D.).  Never  saw  the  blossom  on  the  apple,  pear,  peach,  plxmi 
trees,  &c.,  finer  or  more  abundant.  St,  Albans  (DJ.  Foliage  scanty,  blossom 
abundant.  Berkhameted  (D.)«  10th.  A  wild  dog  rose  in  blossom,  81  days 
earlier  than  the  average  for  the  previous  seven  years.  Evesham  (D.).  The  first 
crop  of  peas  sJmost  a  failure.  One  farmer  got  nothing  but  fodder  for  his  cattle 
from  80  acres.  Many  fields  sheets  of  white  ox-eye,  in  exceptional  abundance, 
but  undersized.  Northampton  (D.)-  Pastures  dried  up.  Plants  flowered 
extremely  early,  but  the  blossom  did  not  last  long.  Caterpillars  were  very 
destructive  to  foliage.  Burbage  (D.).  Low  growing  vegetation  has  sufferea 
severelv  from  the  bought,  but  the  trees,  with  the  exception  of  some  caterpillar 
and  apnii  attacks,  have  thriven  remarkably  weU.  Grass  keeps  dreadfully  snort. 
Clover  leys,  strange  to  say,  have  wonderful  crops  with  some  plants  8  ft.  high. 
29th.  f^st  green  gooseberries  picked  for  market,  28  days  earlier  than  in  1892. 
80th  and  81st.  Runner  beans  and  potatoes  blackened  by  frost.  Thurcaston 
(D.)<  First  blossom  out  on  hawthorn  on  April  19th,  and  out  of  flower  on  May 
19th.  Walsall  (D.).  20th.  No  grass.  Lawns  scorched  into  brown  and  bare 
patches.  Tean  (D.).  The  grass  has  not  suffered  much  from  the  drought  here. 
Indeed,  the  fiirmers  expect  a  specially  good  hay  crop.  Beeston  (D.).  8th. 
Lawns  burnt  brown  as  m  summer.  Bodsock  (D.).  8th.  Gathered  a  dish  of 
strawberries.  Bakewell  (D.).  81st.  Vegetation  has  not  suffered  much  from  the 
recent  drought.  Outlook  for  crops  fairly  hopeful.  Macclesfield  (D.)>  Have  not 
suffered  much  from  drought  here.  Blight  and  caterpillars  have  almost  stripped 
the  apple  trees  of  leaves.  1st.  Most  forest  trees  in  full  foliage.  Belton  (D.). 
Grass  parched,  and  in  places  killed  by  drought.  Strawberries  ripe.  Hitchin 
(B,)*  2nd.  Landrail  heard.  Lexden  (E.).  We  are  feeding  blackbirds  and 
thrushes  the  same  as  in  a  hard  frost,  as  they  could  get  notmng  off  the  lawn. 
Sproughton  (E.).  Absolutely  no  grass,  not  even  on  the  water  meadows.  Wryde 
(£.)•  9th.  Finished  sowing  barley.  Verv  little  came  up  at  aU  until  July,  and 
never  came  to  maturity,  owing  to  dry  weather.  25th.  Ploughed  up  beans  sown 
in  February,  they  were  not  more  than  6  ins.  high.  dlst.  Pastures  appear 
baked  up,  with  grass  dying.  Some  spring  corn  has  remained  in  the  ground 
nearly  two  months,  and  is  as  dry  as  when  put  in.  Penmaenmaxor  (F.).  16th. 
Strawberries  ripe.  28th.  Hay  a  very  short  crop.  Ambleside  (F.).  An  early 
season  with  short  spring  growths— hay,  trees,  &c.  Orry's  Dale  (F.).  The  lilac 
has  flowered  in  unusual  profusion.  Edgeworthstown  (Q.).  81st.  The  rainfiall 
has  been  very  light,  all  crops,  however,  are  in  a  wonderfully  flourishing  and 
forward  state,  some  meadows  being  so  heavy  already  that  a  shower  of  rain  quite 
laid  them.  LoughbrickUmd  (Gj.  The  spring  abnormally  fine  and  dry. 
Butterflies  scarce.  Londonderry  (Q  ),  The  farmers  say  thry  never  remember 
80  favourable  a  season.  Drought  generally,  but  occasional  copious  timely 
showers.  Ballynasard  (G.).  Very  hot  and  dry  season,  with  very  occasional 
nun,  which  saved  the  crops.  Tynron  (H.).  Never  before  recollect  seeing  roses, 
brambles,  and  fox-gloves  in  bloom  in  May.  Thomhill  (H.).  No  injuries  fix)m 
drought,  abundance  of  grass  in  the  pastures.  81st.  Two  species  of  heather  in 
bloom.  Jardington  (fi.).  Grass  abundant.  Drought  not  injurious  here. 
Doddmgton  (I.)*  81st.  No  grass  owing  to  the  drought,  and  pastures  as  dry  and 
t)umt  up  as  in  August.    Driffield  (L).     Uth.  Potatoes  blackened  by  frost.    28tli« 
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First  strawberTY  gathered.  Durlmm  (I.).  Grass  improved  rapidly  after  the 
rains  of  the  17th.  Swallows  and  swifts  plentiful.  6th.  Swift  nrst  seen.  Low 
^dl  (L)i  Gloire  de  Dijon  rose  in  flower  during  the  last  week.  CdmbotM  (I.). 
Oats  and  hay  the  only  crops  injured  by  drought.  Aberdeen  (I.).  One  of  the 
driest  springs  on  record,  but  &vourable  for  preparing  ground  for  seeds.  Crops» 
both  field  and  garden,  except  hsjy,  most  ^romismg.  Swallow  and  cuckoo  arrived 
miusually  early.  Inverbroom  (a.).  This  has  been  the  best  spring  known  for 
many  years,  plenty  of  rains  and  damp  mists.  An  abnormal  quantity  of  wasps, 
green  fly,  caterpillEurs,  &o. 

June. — Mamaon  (A.).  Strawberry  plants  produced  little  or  no  fruit,  owing  to 
drought.  KiUamey  (B.).  The  greater  bindweed  bloomed  28  days  earlier  than 
its  average  date  for  thei  previous  10  years.  Bembridge  (0.).  Began  cutting 
meadow  hay,  very  light  crop,  and  carted  the  next  day.  Pennington  (C.)*  ,At 
the  end  of  the  month  gardeners  busy  sweeping  up  leaves.  7th.  Haymaking 
over,  sadly  deficient  crop,  4  tons  only  carried  where  45  tons  have  been 
secured  in  good  seasons.  19th.  Leaves  on  limes  and  planes  changing  colour 
and  fisdling  fast.  Bidborough  (C).  Black  currants  have  shrivelled  and  dropped 
off  the  bushes  owing  to  £rought.  Swanley  (G.)-  5th.  Bipe  cherries  sent  to 
market.  12th.  Baspberries  sent  to  market.  14th.  Black  currants  sent  to 
market.  Churt  (C).  Owing  to  the  drought,  plants  flowered  abundantly,  but 
vezy  early,  and  blossoms  sm^.  When  picked  thev  soon  withered.  Addlesione 
(0.).  Many  firuit  trees,  &c.  killed  by  drought.  Whatley  (C).  Towards  the  end 
of  the  month  birds  were  found  dying  in  the  fields  for  want  of  food.  Beclrford 
Q).).  12th.  Some  meadows  mown  for  hay,  others  not  till  August  15th,  and 
many  not  at  all.  Watford  (D.).  Grass  dried  up,  cutting  the  green  barley  for 
cattle.  Harpenden  (D.).  2nd.  First  wheatear  observed  out  of  the  sheath,  this 
is  exceptionally  early.  In  Sir  J.  B.  Lawes'  grass  experiments  at  Bothamsted^ 
the  plot  which  never  receives  any  manure  yielded  3  cwt.  of  hay  per  acre,  instead 
of  its  usual  average  of  21  cwt. ;  and  the  plot  the  most  heavily  manured  yielded 
28  cwt.  per  acre,  instead  of  an  average  of  57  cwt.  Ross  (D.).  8th.  Black 
currants  ripe  for  use.  Burbage  (D.)  Graziog  pastures  a  pitiable  sight.  Thur- 
cagtcn  (p.).  Hay  crop  ridiculously  small.  Flowers  over  almost  as  soon  as  open. 
Tean  (D.).  8th.  Furst  hay  cut.  Hodsoch  (D.).  16th.  Grass  very  burnt. 
Harrogate  (D.).  18th.  Haymaking  began,  but  crops  exceedingly  light.  21st. 
Numerous  nests  of  wasps  and  hornets.  Lexden  (if).  No  hav  to  be  out,  the 
pastures  being  all  dried  up  and  burnt,  and  no  fodder  for  sheep  and  stock. 
Penmaenmawr  (F.).  15th.  Hay  harvest  began,  very  thin  crops.  Claughton 
(F.)..  8(hh.  Hay  cut.  Tynron  (H.).  2nd.  Since  recent  copious  rains  the 
country  is  looking  extremely  verdimt.  Driffield  (I.).  8rd.  Gathered  first  \  lb. 
of  strawberries,  82  days  earlier  than  in  1886.  20th.  Bemarkable  profusion  of 
wild  rose  bloom.  ThirskiJ,).  20th.  Haymaking  began.  Low  Fell  if.)*  Cuckoo 
and  corncrake  scarce  this  year.  Inverbroom  (E.).  Wasps,  house  flies,  bluebottle^ 
Ac.  very  numerous. 

JuLT. — Falmouth  (A.)>  Blackberries  ripe  at  end  of  July,  and  imusnally  fine 
and  plentiful.  Killamey  (B.).  Mushrooms  and  wasps  in  unusual  quantity. 
27th.  HoUyberries  red  in  many  places.  Bembridge  (C.)-  4th.  Clouded-yellow 
butterflies  very  abundcmt.  Buckhom  Weston  (O^).  Great  numbers  of  ladybirds, 
which  are  rarely  seen  here  at  all.  PenninaUm  (0.).  Mushrooms  very  plentiful 
for  a  fbrtnight  m  the  middle  of  the  month.  Wasps  a  great  plague  (140  nests 
destroyed  at  one  place  only),  and  did  much  injury  to  cherries,  plums,  and  ppan* 
Bwanley  (0.*)  1st.  Bed  and  white  currants  sent  to  market.  8rd.  £arly 
potatoes  and  apples  sent  to  market.  24th.  Plums  sent  to  market.  Addlestone 
(0.)-  Wasps  very  troublesome.  Whatley  (C.)-  Butterflies  very  scarce,  notably 
the  small  copper.  Have  seen  humming  bird  moths  three  times.  An  enormous 
number  of  wasp's  nests.  Cheltenham  (D.).  The  rains  rapidlv  restored  the  pas- 
tures, and  a  small  second  crop  of  hay  was  well  secured.  Beckford  (D.).  Began 
cutting  wheat.  Watford  (D.).  Birds  devoured  all  our  peas,  crop  after  crop. 
Wasps  very  abundant.  Berkhamsted  fD.).  4th.  When  digging  up  some  pota- 
toes m  my  garden,  the  ground  in  which  they  were  growing  was  found  to  be  dust 
dry  to  the  depth  of  17  ins.  Harpenden  (D.).  The  seeds  of  most  root  crops  were 
in  tiie  ground  several  weeks  before  they  germinated  at  all,  and  even  after  germi- 
nation the  plants  made  but  little  growth,  until  the  rains  of  July  moistened  the 
hardened  soil    Walsall  (D.)*    11th.    Young  lime,  beech|  and  dm  treee  ^TUlf 
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leafless.  Some  trees  show  autumn  tintSi  and  the  leaves  are  rapidly  falling 
through  drought.  80th.  Most  trees  quite  recovered,  and  have  a  spring-like 
appearance.  Apple  trees  with  second  blossoms  on  them.  Tean  (D.).  After  the 
thunderstorm  of  the  8rd  grass  grew  rapidly.  26th.  Blackberry  ripe.  Hodsoch 
(D.).  At  end  of  month  grass  very  green,  quite  like  spring.  26th.  Harvest 
began.  Harrogate  (D.).  8th.  Terrible  thunder  and  hailstorm.  Some  of  the 
large  pieces  of  ice  which  fell  weighed  over  an  ounce.  About  half  the  com  crops 
destroyed,  also  potato  tops.  Large  slices  cut  off  many  apples  by  the  shup 
nieces  of  ice,  without  bringing  the  fruit  from  the  trees.  Backing  (B.).  At  the 
beginning  of  the  month  the  grass  was  much  burnt  up  and  browned,  but  rapidly 
recovered  in  a  week  or  two.  Lexden  (E.).  1st.  Lime  trees  shedding  their 
leaves.  Tacolneston  (E.).  Wasps  extremely  numerous.  Apples  an  enormous 
crop,  and  very  fine  and  good.  SI8th.  First  wheat  and  oats  cut.  Egremoni  (F.)* 
Wasps  very  numerous.  JardingUm  (H.)  28th.  Harvest  began.  HeUnaburgh 
(H).  28th.  Barley  in  the  stock.  Driffield  (I,).  12th.  Wasps  very  plentifuL 
ThiralCL,).  20th.  Harvest  began,  and  was  over  in  about  a  fortnight.  LUliesleaf 
(I.),     flycatchers  unusually  numerous.    29th.    Waspe  very  numerous. 

AuausT. — Marazion  (A.)«  Saw  some  specimens  of  the  clouded-yellow  butter- 
fly. Long  Ashton  CAO<  24th.  There  are  sweet  peas  in  our  garden  blossoming 
from  self-sown  seed.  St  DavitTs  (A.)*  Great  scarcity  of  grass,  and  stock  selling 
at  nominal  prices.  Bemhridge  (C.)  24th.  More  clouded-yellow  butterflies. 
Wasps  very  numerous.  Pennington  (C.).  Harvest  commenced  June  27th,  but 
not  over  by  the  end  of  this  month,  owing  to  late  sown  spring  oats  and  barley  not 
coming  on  from  scarcity  of  rain.  8rd.  Althea  Frutex  in  flower  77  days  earlier 
than  in  1892.  10th.  Last  swift.  Sioanley  (G.).  8rd.  All  com  on  farm  carried. 
18th.  Damsons  sent  to  market.  Chidehurst  (0.).  18th.  Elms  and  limes 
quite  yellow,  and  a  great  quantity  of  leaves  have  already  fedlen.  Churt  (C.) 
Grass  growing  rapidly  since  the  rains.  Oxshott  (0.).  Gurden  produce  almost 
nil  throughout  the  summer.  Quite  a  plague  of  wasps  and  flies.  Addlestcne 
(C.)  17th.  Fruit  crops  much  injured  by  wasps.  Lawns  again  brown  and  bare. 
East  MoUsey  (0.).  Grass,  which  had  revived,  now  worse  than  ever.  Wasps  not 
unusually  plentiful.  Whatley  (C-)*  28th.  Wasps  have  been  very  numerous 
the  last  few  days.  Small  copper  butterfly  quite  common,  but  no  painted-ladies. 
80th.  Humming-bird  moth  numerous.  Oxford  (D.).  Wasps  almost  a  plague. 
Cheltenham  (D.).  Pastures  again  brown,  and  the  trees  are  shedding  their  leaves. 
Vegetables  very  scarce.  Beckford  (D.).  80th.  Pastures  brown  and  grass  dried 
up.  Pools  and  water  courses  dry  which  were  never  known  to  fail  before.  Berkham^ 
sted  (D.)*  1st.  Until  to-day  no  measurable  quantity  of  rain  water  has  come 
through  the  ^  ft.  of  soil  in  my  percolation  gauges  since  March  12th,  or  for  20 
consecutive  weeks.  Rose  (D.)>  Wasps  not  extraordinarily  numerous,  less  so 
than  in  1846.  Walsall  (D.).  Saw  several  meadow  brown  butterflies  in  the 
garden — ^first  time  during  eight  years.  Hodsock  (D.)  By  beginnin|^  of  month 
hawthorn  berries  were  abeady  red.  Harrogate  (D.).  Harvest  practically  over. 
Backing  (E.).  For  about  a  week  in  the  middle  of  the  month  there  was  a  perfect 
plague  of  wasps.  Butterflies  not  more  numerous  than  usual.  Wryde  (£•)• 
2nd.  Began  harvest.  80th.  Finished  harvest.  The  worst  on  record,  and  no 
straw  for  winter  use.  Penmaenmawr  (F.).  Good  crops  of  com  well  harvested. 
25th.  Gutting  second  crop  of  meadow  hay.  Gig^leswick  (F.).  Such  a  good 
year  for  gardens  has  not  been  known  before  in  this  district.  Edgeworthetoum 
(G.)«  No  plague  of  wasps  here.  Antrim  (Q.).  Leaves  began  to  fall  early  in 
the  month.  Butterflies  numerous,  but  no  plague  of  wasps.  BaUynagard  (0.). 
Butterflies  unusually  numerous.  Crops  generally  good.  Tynron{fL^.  8tn. 
Wild  raspberries  nearly  over.  Mountam  ash  berries  ripe.  The  drought  has  not 
injured  the  crops.  Driffield  (I.).  4th.  Harvest  began,  or  27  days  earlier  than 
in  1891.  18th.  Wasps  unusually  abundant  this  season.  21st.  Trees  perma- 
nently dropping  their  leaves.  Foliage  thin  throughout  the  summer.  81st. 
Everything  injured  more  or  less  by  diy  state  of  the  soil.  Durham  (I.).  The 
second  blossoming  of  flowers  was  common.  Summer  flowers  and  foliage 
luxuriant,  but  the  blooms  lasted  no  time,  and  the  leaves  fell  much  earlier  than 
usual.  Low  Fell  (L).  Wasps  very  numerous.  Cambois  (I.).  More  wasps 
than  usual.    Potatoes  a  good  and  heavy  crop. 

Septembbb. — Marazion  (A.)*  Strawoerries  produced  a  considerable  quantity 
orripe  fruit.    Matonan  SnUih  (A.).    28rd    Gathered  two  ripe  wild  strawberries. 
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St,Arvan's  (A.).  24th.  Orass  lands  dried  up.  8t.  David's  (A.).  The  long 
drought  did  not  damage  wheat  erop,  nor  potatoes  and  turnips.  Kdlarney  (B.)* 
16th.  Ddphininms,  perenniab,  phloxes,  apples,  bay,  horse -ohestnnt,  and  dog 
rose  flowering  a  second  time.  Horse-chestnuts  quite  ripe.  2l8t  Laburnum  in 
flower  (three  specimens  sent).  Bembridge  (C.).  Many  trees  and  shrubs,  the 
shoots  of  which  had  become  ripened  and  rested  during  the  hot  weather,  were 
started  into  growth  again  by  the  recent  rains.  Many  apple  and  near  trees 
flowered.  A  syringa  grandiflora  blossomed  from  this  year's  wood.  Mushrooms 
very  plentifdi.  Carrots,  beets,  and  onions  a  complete  failure,  owing  to  seed  not 
germmating  when  sown.  24th.  Wasps  very  numerous.  Biichhom  Weston  (0,)t 
The  wild  roses,  and  aJso  Scotch  roses,  are  blooming  again,  while  the  dog-wood  is 
in  ftill  blossom,  with  ripe  berries.  Pennington  (0.).  Hip«i  haws,  and  acorns 
▼ery  plentiful.  An  apple  tree  with  several  blooms  on  it.  Strathfidd  Turpu 
(0.).  Scarcity  of  wild  flowers,  nearly  all  having  bloomed  so  much  earlier  than 
usual,  seed  pods  taJdng  the  place  of  blossoms.  Many  plants  have  blossomed 
twice,  and  even  thrice,  e,g,  dog-wood.  Butterflies  have  been  very  numerous. 
More  acorns  on  the  oaks  than  I  have  ever  seen  before.  ChisUhurst  (0.).  A 
areat  quantity  of  humming  bird  moths.  Granleigh  (0.).  6th,  Gathered  straw* 
oendes  from  old  plants.  Apples  small  owing  to  drought.  Addlestone  (0.)» 
26th.  Second  crop  of  strawberries  ripe.  80th.  Red-admiral  butterflies  abun- 
dant.  FarUv  (C).  28rd.  DahHas  killed  by  frost.  Salisbury  (0.).  Wild 
fruits  unusuflSly  abundant.  The  cornel  was  nearly  as  fully  in  flower  as  in  spring. 
28th.  Dog  rose  in  flower  again.  Cheltenham  (D.).  By  the  end  of  the  month 
the  foliage  of  most  trees  had  become  very  thin.  Watford  (D.).  Pastures  v&cy 
dry.  Very  few  flowers  in  the  garden,  soil  so  dry  and  parched.  St.  Albans  (Ths 
Orange)  (D.).  Many  more  species  than  usual  flowered  a  second  time.  Wild 
roses  and  dog- wood  bearing  blossoms  and  mature  fruit  together.  Never  before 
remember  comfrey  flowering  so  freely  as  it  has  done  this  autumn.  St.  Albans 
(Addiscombe  Lodge)  (J),).  9th.  Dog  rose  again  in  flower  Bremton  (D.).  SKHh. 
Leaves  already  falling,  and  meadows  on  gravel  soil  brown  and  bare.  WcdsaU 
(D.).  1st.  Last  field  of  wheat  caoried..  9th.  Acorns  and  sloes  more  abundant 
thim  the  oldest  inhabitant  remembers.  21st.  Saw  perfectly  leafless  laburnums 
covered  with  blossom.  28rd.  Trees  half  bare.  Lovely  autumn  tints.  80il^ 
Ripe  strawberries  gathered.  Slst.  Dahlias  killed.  Tean  (D.).  6th.  A  tWrd 
orop  of  hay  was  cut  from  the  same  field  that  was  first  mown  on  June  8th«  Iflth. 
Wild  rose  in  flower  again.  Macclesfield  (D.).  1st.  Lime  trees  losing  their 
leaves.  80th.  The  same  trees  a  mass  of  golden  foliage,  though  many  leaves 
have  fallen.  Harrogate  (D.V  8rd.  Great  muUein,  foxglove,  cowberry,  l<^bur- 
num,  privet,  clematis,  and  snowberry  are  flowering  a  second  tune.  17th. 
Enormous  quantities  of  acorns  are  now  folly  ripe.  26th.  Wild  roses  bloommg 
at  600  ft.  above  sea-level.  Backing  (B.).  8rd.  Grass  bemnning  to  look  brown 
again.  Sprouahton  (B.).  A  peculiarity  of  the  universally  observed  plague  of 
wasps  was  then:  sudden  and  almost  total  disappearance  about  the  middle  of  the 
month.  Ambleside  (P.).  Many  flowers  have  blossomed  a  second  time.  Oronk- 
howrns  (P.).  16th.  Ripe  strawberries  gathered,  and  laburnum  in  bloom. 
SaintMd  (G.).  Some  blackberries  which  have  ripened  their  fruit  are  m  flower 
again.  Apples,  &c.  also  in  blossom.  ArOrim  (0.).  Strawberries  bloomed  a 
second  time,  and  a  few  raspberries  ripened.  Never  remember  so  many  fine 
apples,  or  so  many  smaU  ones.  Drijkld  (I.).  Birds  attacking  apples,  owing  to 
tfy  weather.  Great  crop  of  wild  rose  hips.  £asi  Layton  (L).  8th.  Very 
severe  hailstorm,  grouse  and  partridges  killed  by  the  hailstones.  SwallowB  nave 
been  unusually  numerous.  Aberdeen  (J.).  Crops  of  all  kinds  came  early  to 
matority,  and  were  secured  in  ezcdlent  condition,  with  good  straw  and  very 
heavy  grain. 

OoTOBBE.— JfflfWkin  SmUh  (A,).  2nd.  Some  birches  and  ^oamores  bare  of 
leaves.  4th.  HoUies  thick  with  berries.  All  berries  plentifdi  Mid  fine.  19tlu 
Dog  roses  in  flower.  27th.  Hazel  in  flower.  FaltMMik  {k.)-  Raspberries  and 
strawberries  have  yielded  a  good  crop.  Raspberries  lOd.  a  quart  m  the  market, 
TiverUm  (A.).  Immense  quantities  of  apples,  pears,  plums,  and  nuts  this  yew. 
Raspberries  for  sale  in  the  market  during  the  month  ending  October  25tli.  On 
that  day  I  bought  them  at  6d.  a  pound,  and  good  flavoured.  2nd.  Privet,  dog- 
wood, and  field  rose  in  flower.  81st.  Saw  a  field  gay  with  ponpies.  Ii^tow 
(A.).  81st.    Gathered  two  or  three  dosen  ripe  raspberries  of  ^ood  flavour,    HoUy 
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berries  exceptionally  abundant  this  year.  St,  ArvarCs  (A.)-  Horse  and  Spanish 
chestnuts  and  acorns  abundant.  22nd.  Gathered  ripe  raspberries.  Slst. 
Dahlias  killed.  St.  David's  (A.)*  Apple  trees  bloomed  a  second  time,  and  fruit 
was  formed.  Mushrooms  abundant.  All  the  meadows  fresh  and  verdant. 
Aberystwith  (A-)-  Hth.  Spanish  chestnuts  have  ripened  their  fruit,  which  is 
unusual  here.  Pennington  (C.).  The  late  leaf  shedding  trees,  such  as  oaks, 
beeches,  and  sycamores,  retained  their  leaves  weU,  and  their  autumn  tints  were 
fine.  Jerusalem  artichokes  flowered.  7th.  Dog  rose  and  guelder  roses  again 
in  flower.  Ckislekurst  (0.).  14th.  Several  ripe  strawberries.  Coneyhurst{0.). 
10th.  Sand  martins  last  seen.  Churt  (Q,),  Exceptionally  heavy  crop  of  pears, 
and  fruit  fine.  Many  apples  very  large,  one  weighed  19  ozs.  Some  young  seed- 
ling dahlias  have  come  up  out  of  doors  from  the  droppings  of  this  year's  seeds. 
81st.  Dahlias  killed  by  frost.  Addlestone  (CO*  29th.  Runner  beans  killed. 
Cheltenham  (D.).  Very  few  autumn  wild  flowers  except  poppies,  which  bloomed 
freely  up  to  the  end  of  the  month.  Berries  very  plentiftil.  Watford  (D.). 
Poppies  and  charlock  in  full  bloom.  St,  Albans  {Addiscombe  Lodge)  (D.). 
Several  flowers  noticed  on  a  guelder  rose  bush.  Ross  (J).),  Second  leafage 
noticed  on  larches.  14th.  Horse-chestnut  in  blossom.  Hodsock  (J).).  Autumn 
colouring  of  trees  very  fine  by  the  middle  of  the  month,  but  some  trees  bare. 
80th.  Dahlias  killed.  Macclesfield  rDO>  Is^-  Horse-chestnut  almost  bare  of 
leaves.  Harrogate  (D.).  6th.  Rhododendrons  flowering  a  second  time.  10th. 
Mushrooms  again  abundant.  Hertford  (£.).  The  cornel  has  had  a  second  crop 
of  flowers,  also  dog  and  field  roses.  Sloe  bushes  seem  especially  to  have 
suffered  from  the  drought,  from  many  the  leaves  are  fSftlling.  Tacolneston  (E.)« 
Many  plants  flowered  a  second  time,  for  instance  a  group  of  wild  water  lilies ; 
wild  roses  also  flowered  in  places.  Antrim  (GO*  17th.  A  wild  rose  in  blossom. 
Ballynagard  (Q-.).  15th.  Dog  roses  and  strawberries  in  bloom.  27th.  White 
ox-eye  again  in  flower.  Thirsh  (I.).  Autumn  tints  unusually  fine.  22nd. 
Gathered  a  wild  rose.  Durham  (I.).  81st.  Dahlias  killed  by  frost.  Cambois 
(I.).    Hawthorn  in  bloom,  and  a  second  crop  of  strawberries  gathered. 

KovEMBEB. — St.  Arvan's  (A.)«  12th.  Many  springs  not  known  to  fail  before 
have  become  dry.  St,  David's  (A-)'  The  heavy  gales  brought  a  large  deposit 
of  salt  to  the  lands,  which  destroyed  much  grass  and  seriously  damaged  rape 
and  turnips.  A  berystwith  (A-)-  6th.  Daphue  mezereum  in  flower.  Bemhridge 
(C.).  llib.  Clouded-yellow  butterfly  seen.  Pennington  (Q.).  Oak  leaves  still 
holding  on  in  many  places  at  the  end  of  month.  Sprmgs  and  wells  remarkably 
low.  Chislehurst  (C.).  5th.  Several  ripe  raspberries.  Oxshott  (0.)*  The  grass 
never  recovered  from  the  drought,  most  fields  still  yellow  instead  of  green. 
Addlestone  {Q,),  80th.  Oaks  and  beeches  retained  their  leaves  longer  than 
usual.  Fine  autumn  tints.  Cheltenham  (J),).  Apples  and  pears  seem  to 
have  ripened  too  hurriedly,  and  are  rotting  very  feist  instead  of  keeping 
— many  rotted  on  the  trees.  Edgeworthstown  (D.).  1st.  Laburnum  in  bloom. 
Helensburgh  (H.).  17th.  Numbers  of  trees  blown  down  during  the  gale. 
Driffield  (I.).  15th.  Springs  lower  now  than  for  40  years.  Inverbroom  (KO* 
The  most  stormy  and  windy  autumn  ever  remembered. 


DISCUSSION. 

The  Pbesident  (Mr.  R.  Inwards)  said  that  probably  very  few  persons  had  any 
idea  of  the  amount  of  correspondence  and  information  which  nad  to  be  dealt 
with  in  the  preparation  of  this  report,  and  the  thanks  of  the  Society  were  due  to 
Mr.  Mawley  for  the  labour  bestowed  in  its  compilation,  and^also  to  the  obseryen 
who  had  supplied  the  necessary  material. 

Mr.  H.  SouTHALL  said  that  Mr.  Mawley's  report  dealt  so  frilly  with  the  re* 
markable  season  of  1898,  that  there  was  hardly  room  to  add  anything  to 
so  clear  and  complete  a  summary.  His  own  experience  of  the  effects  of 
the  weather  of  1898  on  the  plants,  chiefly  herbaceous,  in  his  garden*  very 
closely  corresponded  with  what  was  described  in  the  report.  A  strudng  feature 
in  the  phenology  of  last  year  was  the  remarkably  quick  flowering  of  pluits  aft«r 
the  break  up  of  the  frost  of  January.  Cyclamen  coimi  was  the  first  to  appear  in 
bloom,  although  this  was  by  no  means  considered  to  be  a  hardy  plfmt,  but  the 
frost  destroyed  many  plants  usually  regarded  as  of  a  hardy  character,  and  WM 
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espeoiaUy  fatal  to  plants  coming  from  the  Gape  of  Good  Hope.  People  had  said 
that  the  abundance  of  flowers  in  spring  would  result  in  a  scarcity  of  summer 
blossoms,  but  his  own  experience  was  quite  contrary  to  this  statement,  there 
being  a  continuous  succession  of  flowers  throughout  the  season.  The  drought 
appeared  to  have  seriously  affected  evergreens,  especially  those  varieties  which 
were  shallow-rooted,  and  probably  the  injurious  effects  of  the  abnormal  dryness 
was  not  yet  fully  known,  but  on  the  whole  the  effect  of  the  weather  of  1898  upon 
horticulture  would,  he  thought,  prove  to  be  beneficial.  It  was  a  great  advan- 
tage to  have  accurate  accounts  of  the  effects  of  atmospheric  conditions  upon 
phenological  phenomena,  and  Mr.  Mawley's  report  supplied  such  information. 

Mr.  F.  J.  Brodeb  said  that  mention  had  been  made  m  the  report  of  a  second 
drought  in  August,  but  he  was  not  aware  that  any  drought  prevailed  at  that  time. 
Was  this  dry  period  a  "  drought "  according  to  Mr.  Symons*  definition  ? 

Mr.  G.  HIkdino  bore  testimony  to  the  valuable  information  to  be  gleaned  from 
Mr.  Mawley's  reports,  and  said  that  the  weather  in  the  various  districts  often 
differed  considerably ;  and  the  year  1 898  had  been  no  exception  in  this  respect, 
for  while  in  the  south-eastern  districts,  the  year  had,  with  the  single  exception  of 
1868,  been  the  driest  on  record,  the  west  of  Scotland  had  experienced  the  wettest 
year,  excepting  one,  ever  known.  Considered  horticultural ly,  last  year  (1898) 
was  undoubtedly  exceptional,  but  the  present  year  (1894)  promised  to  be  more 
remarkable  still,  for  fruit  trees  and  vegetation  in  generaV  were  fiiUy  a  month  in 
advance  of  their  average  condition  at  diis  early  period  of  the  year. 

Mr.  F.  G.  Batard  thought  that  the  wet  weather  of  February  might  have 
influenced  the  flowering  of  the  hazel  and  caused  it  to  be  later  than  the  average. 

Mr.  E.  Mawlet,  in  reply,  said  that  in  speaking  of  the  drv  weather  of  August 
as  the  "  August  drought "  he  was  describing  it  as  a  horticulturist  rather  than  a 
meteorologist,  for  although  it  may  not  have  been  a  drought  according  to  the 
definitions  adopted  by  Mr.  Symons,  it  seriously  affected  vegetation.  The 
destruction  to  certain  plants  caused  by  the  winter  of  1892-8  was  somewhat 
remarkable,  all  the  montbretias  and  globe  artichokes  which  had  remained  in  his 
garden  uninjured  for  eight  years,  and  which  were  unprotected  except  to  the 
extent  of  a  little  "  earthing  up,"  having  been  killed.  The  dates  of  flowering  of 
the  hazel  may  have  been  retarded  by  the  wetness  of  February,  but  the  dulnesa 
of  the  month  probably  exerted  a  greater  influence  in  causing  the  blossoming  to 
be  later  than  usual.  The  greatest  satisfaction  he  had  felt  in  preparing  this 
report  was  concerning  the  curves  of  average  flowering,  which  for  many  of  the 
plants  are  even  smoother  than  in  the  two  previous  years. 
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TEMPERATURE,  RAINFALL,  AND  SUNSHINE,  AS   RECORDED   DURING 
THE  PAST  FIVE  YEARS  AT  LAS  PALMA8,  GRAND  CANARY. 

By  J.  CLEASBY  TAYLOR,  M,D. 
(Plate  m.) 


[Reeeiyed  October  irth,  1893— Bead  February  2lBt,  1894.] 

Thx  islands  of  the  Canary  Archipelago  are  almost  entirely  situated  between 
the  28th  and  29ih  degrees  north  of  the  Eqaator,  so  that  difference  of  lati- 
tude does  not  enter  into  any  of  the  questions  relating  to  the  various  climates 
of  the  group. 

It  is  different  with  the  longitude,  as  the  islands  extend  over  five  degrees ; 
the  most  eastern  islands  being  within  60  miles  of  the  African  coast,  whilst  the 
western  are  800  miles  away.  This  fact  modifies  the  aspect,  climate,  flora, 
crops,  etc.,  making  the  eastern  part  of  the  group  African,  and  the  western 
part  Atlantic  in  character. 

In  addition  to  this  general  factor  there  are  local  ones  affecting  different 
localities.  These  are  the  position  and  height  of  the  mountains;  the 
northern  slopes  experiencing  more  cloudy  weather  and  greater  raiafidl  than  the 
southern.  This  is  more  noticeable  in  those  islands  in  which  the  mountainous 
ridges  rise  quickly  to  a  great  altitude. 

The  island  of  Grand  Canary  occupies  a  position  midway  between  the  African 
Continent  and  the  most  western  islands.  (Plate  m.)  The  mountain  peaks 
rise  to  a  little  over  6,000  feet,  and  they  are  about  20  miles  from  the  litoral  (in  a 
horizontal  line).  For  this  latter  reason  the  litoral  is  somewhat  free  from  the 
influence  of  the  mountains.  And  from  its  position  the  chief  town  and  port 
of  the  island,  Las  Pahnas,  is  particularly  free.  The  town  is  exposed  frt>m 
north-west,  through  north  and  east  to  south,  and  sheltered  from  the  south- 
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TABLE   V. — SUNBHINB  (JOBDAN  BeOOBDBB.) 


TABLE  VI.— No.  of  Rainy  and  Overcast  Days. 
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No.  of  Days  of  Rain. 
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west  and  west.  For  these  reasons  its  meteorological  conditions  may  be  con- 
sidered to  approach  more  closely  to  those  common  to  this  portion  of  the 
globe. 

As  it  is  impossible  within  the  limits  of  a  short  paper  to  enter  into  all  the 
details,  the  shade  temperature,  the  sea  temperature,  the  rainfall,  and  sunshine 
are  alone  considered. 

The  thermometers  for  recording  the  shade  temperature  were  exposed  in  a 
Stevenson  screen  situated  in  the  centre  of  an  extensive  flat  roof.  The  tern* 
perature  of  the  sea  was  recorded  by  an  ordinary  bath  thermometer  immersed 
in  the  sea  at  the  end  of  the  town  mole.  It  was  recorded  as  near  noon  as 
possible,  at  a  depth  of  8  feet  from  the  surface  and  in  never  less  than  20  feet 
of  water,  usually  much  more.  The  number  of  observations  ranged  from  ten 
to  fifteen  per  month.  The  rain  gauge  was  exposed  on  the  flat  roof,  which 
was  the  highest  in  the  neighbourhood.  The  sunshine  was  recorded  by 
kneans  of  Jordan's  photographic  sunshine  recorder. 
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In  giying  these  results  I  quite  recognise  that  five  years'  obseryations 
(June,  July,  and  September,  four  years ;  August  three  years)  are  a  very 
short  period  from  which  to  draw  very  definite  conclusions. 

The  means  of  shade  temperature  show  a  gradual  ascent  and  a  more  rapid 
descent,  due  principally  to  the  little  variation  for  the  months  of  January, 
February,  and  March.  In  fact,  the  curve  of  ascent  from  April  to  August 
closely  corresponds  to  the  curve  of  descent  from  August  to  December. 

The  period  of  highest  temperature  occurs  in  the  month  of  August,  the 
highest  mean  temperature  taking  place  during  the  third  week.  The  decrease 
in  the  fourth  week  is  due  to  the  fedl  of  the  minimum  or  night  temperature  ; 
as  the  maTJmum  or  day  temperature  remains  practically  stationary  during 
this  fourth  week. 

The  16th  and  17th  are  the  hottest  days,  though  the  average  is  rather 
higher  on  account  of  the  temperatures  recorded  in  August  1898. 
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Th$  temperature  of  the  sea  is  at  its  highest  level  during  August  and  Sep- 
tember, but  it  does  not  remain  at  this  point  for  more  than  three  weeks,  when 
it  commences  to  fall.  During  this  period  it  approximates  to  the  minimum, 
being  the  greater  part  of  the  time  lower  than  the  mean  shade  temperature. 
The  temperature  of  this  period  for  one  year  naturally  varies  from  another, 
the  period  of  the  highest  level  also  shows  variations,  though  if  the  tempera- 
ture has  not  fallen  by  the  end  of  September  the  first  week  of  October  shows 
a  decline. 

Tehpebatubes  or  the  Sea  (means)  at  Noon. 

JnlySlst  Sept.  let  Oct.  Ut  Nov.  Ist  Dec.  1st 

(4  years)  (4  years)  (6  years)  (6  year^)  (6  years) 

720.9  740.2  7go.g  710.7  ggo.g 

The  Rainfall  of  this  period  is  practically  nil. 

The  Sunshine  is  remarkably  regular  with  the  exception  of  the  second  week 
in  August,  for  which  I  am  not  in  a  position  to  venture  a  reason.  This  fall  ap- 
pears to  afiect  the  coarse  of  the  maximum  but  not  of  the  minimum  temperature. 

The  Winds  during  these  two  months  prevail  continuously  from  the  North 
to  North-east,  and  their  force  is  8 — 4. 

During  October  the  temperatures,  both  of  the  shade  and  of  the  sea,  fall 
considerably ;  this  is  particularly  so  with  the  shade  temperature  of  the  day- 
time, and  this  varies  according  to  the  time  of  commencement  of  the  rainy 
season  and  the  number  of  days  on  which  rain  falls,  the  amount  of  sunshine 
remaining  fairly  constant,  though  the  sun's  rays  grow  less  powerful. 

The  period  of  greatest  fall  in  temperature  is  during  the  months  of  Novem- 
ber and  December,  coincident  with  the  period  of  greatest  fall  in  the  sea  tem- 
perature and  with  the  period  of  heaviest  raixifall ;  the  amount  of  sundune 
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remaizmig  fiiirly  constant.  During  January  the  fall  in  shade  temperature 
oontinaes.  This  is  also  a  rainy  month,  though  hy  the  latter  end  of  the  month 
the  day  temperature  shows  an  upward  tendency,  as  the  rays  of  the  sun  are 
again  increasing  in  power,  hut  the  night  shade  temperature  and  the  sea  tem- 
perature still  decrease. 

The  coldest  period  of  the  year  commences  in  January,  and  continues 
through  Fehruary  to  March,  though  the  periods  do  not  correspond  at  which 
the  day  temperature,  the  night  temperature,  and  the  sea  temperature  are  at 
their  lowest  points. 

The  lowest  point  of  the  maximum  temperature  (that  is  the  temperature  of 
the  day)  occurs  ahout  the  third  week  in  January,  after  which  it  rises,  hut  the 
minimum  or  night  temperature  does  not  commence  to  rise  till  the  second 
week  in  February,  thus  following  the  curve  of  the  sea  temperature.  The 
shade  temperatures  at  noon  (G.  M.  T.)  and  at  9  p.m.  follow  respectively  the 
maximum  and  minimum. 

From  the  detail  of  five  years,  the  lowest  temperature  is  recorded  for  the 
day  time  during  the  third  week  of  January ;  after  this  date  the  day  tempera- 
ture continues  to  rise  even  with  occasional  fluctuations,  but  the  minimum  or 
night  temperature  does  not  show  any  tendency  to  rise  till  the  middle  of  Feb- 
ruary, which  epoch  is  coincident  with  both  increase  of  day  temperature  and 
sea  temperature. 

The  connection  between  sea  temperature  and  night  temperature  is  well 
seen  from  the  following : — 
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The  monthly  variation  in  temperature  at  this  season  is  slight ;  the  rainy 
season  comes  to  an  end  in  January,  the  temperature  of  the  sea  is  at  its 
lowest  point,  but  the  power  of  the  sun  is  increasing,  though  the  amount 
registered  does  not  differ  to  any  great  degree  (February  excepted). 

The  chief  rise  in  the  temperatures  takes  place  in  the  three  months 
April,  May,  and  June. 

The  mean  diurnal  variation  in  temperature  is  not  great;  May,  June,  July, 
and  August  show  the  slightest  degree,  with  a  mean  of  7^*7  against  9^-6  for  the 
first  four  months  and  9^  8  for  the  last  four.  By  9  a.m.  the  shade  tempera- 
ture has  risen  6°  or  6°  from  the  minimum,  by  noon  2°  or  8°  more,  the  maxi- 
mum being  reached  somewhere  about  1  p.m. :  by  3  p.m.  it  has  fallen  2°,  and 
by  9  p.m.  it  is  within  2°  of  the  minimum  temperature.  Although  I  have  no 
statistics,  two  maxima  and  two  minima  may  be  found ;  the  first  maximum  is 
reached  about  8  a.m.  and  is  more  marked  on  a  bright  sunny  morning  with 
litU^  wind,     As  the  breeze  freshens  between  9  and  10  a.m.,  the  temperature 
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Calls  only  to  rise  again  towards  noon.  The  first  minimom  is  seen  soon  after 
sunset,  bat  between  8  and  9  p.m.  the  temperature  rises  very  often  d^,  but 
towards  midnight  a  fall  commences  and  the  absolute  minimnm  is  reached  just 
before  sunrise. 

There  may  be  a  great  rise  in  temperature  during  the  eyening,  but  it  is 
very  rare :  thus  on  October  15th,  1898,  between  8  p.m.  and  midnight,  there 
was  registered  a  rise  of  9°*7. 
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This  day  was  very  exceptional  both  in  temperature  and  humidity,  and  >on 
this  day  there  were  two  distinct  maxima  and  mimma. 
Oct.  16th  9  a  m.— 9  p.m.       90°-6  (11.80  a.m.)    78°-0  (8  p.m.) 

Oct.  16th-16th  9  p.m.— 9  a.m.  88°-0  (midnight)  7P-6  (6  a.m.) 
The  diurnal  range  varies  considerably  with  the  variations  in  wind  and 
sunshine.  With  a  South  wind  (that  usually  dies  down  at  sunset)  the  range 
is  increased,  but  the  greater  purt  of  the  increase  of  range  is  in  the  day 
temperature.  With  the  Northerly  winds  persisting  after  sunset  the  range 
may  be  very  slight,  particularly  if  the  day  has  been  cloudy.  I  have  taken  as 
examples  the  same  period  of  years,  and  both  periods  may  be  considered 
exceptional. 


Date. 

Sunshine. 

Shade  Temperatures. 

DaUy 
Average. 

Max. 

Min. 

Bange. 

Mean. 

March  188^1893.            Mean.. 
Feb.  27-March  5, 1893.       „     . . 
March  1-6, 1890.                 „     . . 

h.    m. 

6    30 
10    00 

0    00 

6§-3 
75-1 
6o'9 

55« 

0 
94 

5-8 

6V. 
67-9 
S8-2 

Extreme  Variation   .. 

.. 

14.1 

5-6 

.. 

.  . 

The  temperatures  of  the  different  localities  situated  at  sea-level  vary  con- 
siderably, the  day  temperature  depending  chiefly  on  the  local  cloud  and 
consequent  obscuration  of  the  sun,  the  night  temperature  on  the  persistence 
or  otherwise  of  the  prevailing  winds.  Both  of  these  conditions  are  duQ 
mainly  to  the  position,  proximity,  and  height  of  the  mountains^ 
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LooaUty. 

Mountain 
Banges. 

Effect  of  Position  of 
Mountains. 

1 

1 

1 

1 

Sheltered 
from* 

Exposed  to. 

Town.             Island. 
Santa  Croz,  de  la  Palma 
Puerto,  Oratava,  Tenerife 
Santa  Cruz  de          „ 
Las  Palmas,        Grand 

Canary 

Close 
Close 
Close 
zo  miles 
off 

Ft. 

7000 
7000 
4000 
6000 

BW,  NW 

ENB.B,W 

SW.NW 

SW,W 

N,E.S 

WNW,  N,  NE 

N,E.B 

NW,  N.  E,  SE,  B 

E 

N 
SE 
E 

About. 
0      0 
14-15 
11—14 
12-13 
9—10 

Vegetation  may  play  some  part  in  the  case  of  the  two  former  places,  but 
the  country  around  the  latter  two  is  barren,  and  more  so  round  Las  Palmaa 
than  Santa  Cruz. 

The  low  range  at  Las  Palmas  is  mainly  due  to  the  continuance  of  the  pre- 
vailing winds  (Northerly)  after  sunset.  In  the  other  places  this  Northerly 
wind  tends  to  die  down  (locally)  and  is  replaced  by  a  land  breeze.  In  Las 
Palmas,  on  those  days  when  there  is  a  great  range  of  temperature,  a  land 
breeze  from  the  West  is  usually  noticed. 

The  sea  temperature  has  been  already  alluded  to,  and  the  detail  for  Las 
Palmas  is  given  in  Table  III.  From  personal  observation  it  appears  to  be 
the  same  at  all  the  islands  ;  though  running  along  the  African  coast  there  is 
a  belt  of  colder  water.  This  may  be  very  slightly  felt  at  Lanzarote  and 
Fnerteventura.  This  cold  current  is  inhabited  by  fish  that  are  not  caught 
off  the  islands  :  the  catching  and  salting  of  these  fish  form  one  of  the  staple 
industries  of  the  more  eastern  islands. 

The  sea  temperature  around  the  islands  is  dependent  on  causes  outside  the 
limits  of  the  archipelago ;  local  presence  or  absence  of  sunshine  does  not 
cause  any  difference,  a  boisterous  Northerly  wind  with  a  high  sea  may  cause 
the  temperature  to  fall  quicker  than  usuaJ,  or  if  the  temperature  is  rising  to 
check  the  rise,  but  any  sudden  variation  is  very  rare.  As  pointed  out,  the 
temperature  rises  the  most  in  May  and  June,  and  falls  the  most  in  November 
and  December ;  whether  the  rainfall  through  the  last  three  months  of  the 
year  accounts  for  this  fall  it  is  not  easy  to  say.  There  is  a  certain  connec- 
tion between  the  rainfall  and  fall  of  sea  temperature,  but  both  are  probably 
due  to  stormy  weather  to  the  northward  ;  this  in  turn  affects  the  temperature 
without  the  sunshine  being  affected.  This  may  be  seen  from  the  table  on 
p.  161. 

From  Tables  IV.  and .VI.  it  will  be  seen  that  the  rainfall  for  Las  Palmas  is 
not  great,  though  it  is  spread  over  a  large  number  of  days,  the  average  yearly 
amount  being  8*57  ins.  Nearly  half  of  this,  viz.  4*06  ins.,  falls  on  12  out 
of  the  62  days  on  which  rain  is  recorded,  thus  leaving  4*50  ins.  to  fall  on 
the  remaining  50  days.  Out  of  the  8*57  ins.  8*84  ins.  falls  during  the  day- 
time and  5*22  ins.  during  the  night  time ;  naturally  rain  also  falls  more 
frequently  during  the  night  time  than  during  the  day  time,  as  rain  was  recorded 
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Tears. 

Oci.-Dec 

October  to  December.     ] 

Bainfall. 

Temperature   of  Sea. 

Sun- 
shine. 

Shade  Tempera- 
ture. 

Amount. 

No.  of 
Days. 

Un 
Oct.  1st. 

On 

Jan.  I  St. 

Amoant 
ofFaU. 

Hours. 

Noon, 
G.M.T. 

9  p.m. 
6°7-3 

65-6 
65-3 

66*4 
66-4 
66-9 

1888 
1889 
1890 
1891 
1892 
1893 

Ins. 

7-895 
3-195 

2' 800 
4-690 

28 
39 
34 
*     23 
22 
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0 
74-0 

71-5 
72-5 
74-0 
74-0 
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67-8 
64-0 

67*0 
67*0 

66-5 
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70 
70 

7'o 
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495 

477 
5'4 
504 

K^ 
484 

0 

72-2 

695 
70-3 
718 

71-6 
73*1 

as  falling  on  88  occasions  during  the  daytime  with  47^  for  the  night  time,  this 
being  the  annaal  average  for  the  five  years. 

The  greater  part  of  the  rain  falls  in  October,  November,  December,  and 
January.  For  February  there  is  a  considerable  diminution,  with  slight 
increase  in  March,  but  the  amount  further  diminishes  in  April  and  May, 
whilst  June,  July,  and  August  are  practically  rainless,  and  September  is  very 
similar,  the  average  for  this  month  being  almost  entirely  supplied  by  one 
heavy  shower.  This  periodicity  of  the  rainfall,  and  the  slight  influence  it^has 
on  the  amount  of  sunshine,  can  be  well  seen  from  the  following  figures : — 


Period. 

No.  of 
Days. 

Aaiofall. 

Sunshine. 

No.  of 
Cloudy 
Days. 

U 

11-4 

Amount. 

No.  of 
Days. 

Average 

DaUy 
Amoant. 

Per- 
centage. 

507 

52-2 

48-4 

October  to  January 

February  to  May 

June  to  September 

123 
120 
122 

Ins. 
6-115 
2118 
•335 

38-6 

1 94 

4-1 

h.     m. 
6     22 

The  smallness  of  the  rainfall  of  Las  Palmas  is  in  a  great  measure  due  to 
the  absence  of  the  mountainous  influence,  the  major  part  of  it  being  regulated 
by  the  influences  of  the  weather  out  at  sea.  The  rainfall  at  sea  for  this  region 
is  of  two  varieties,  one  is  that  associated  with  the  Northerly  set  of  winds. 
This  is  the  commonest  variety,  and  this  rain  falls  in  short  sharp  showers, 
very  local  in  character,  the  weather  before  and  after  being  fine.  These 
showers  can  oftien  be  seen  approaching  or  passing  at  some  little  distance,  and 
are  usually  heralded  by  a  temporary  increase  in  the  force  of  the  wind.  The 
other  variety  of  rainfall  is  associated  with  disturbances  to  the  south-west ; 
these  are  rare,  as  the  eastern  islands  are  somewhat  out  of  the  track  of  these 
squalls.  The  rain,  however,  is  of  a  heavy  tropical  character,  and  may  be 
associated  with  electric  phenomena.  I  have  never  yet  seen  a  disturbance 
passing  from  the  north  connected  with  electrical  phenomena. 

From  Table  Y .  the  amount  of  sunshine  can  readily  be  ascertained.  Depend- 
ing on  the  amount  of  clouds,  it  may  be  diminished  by  general  cloudy  weather 
or  by  the  local  formation  of  clouds,  though  the  degree  of  the  latter  may  often 
be  in  proportion  to  the  former.    In  the  case  of  Las  Palmas  the  sunshine  of 
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the  aftemooQ  is  often  affected  by  this  looal  caase,  as  the  sky  may  be  fairly 
elear  overhead,  yet  no  sunshine  is  recorded  because  the  sun  has  sunk  behind 
masses  of  clouds  that  overhang  the  elevated  northern  parts  of  the  island  to 
the  west  of  the  town. 

Excluding  February  and  July,  the  amount  recorded  is  very  regular,  being 
61*5  per  cent.  February  has  58  per  cent,  and  July  40*5.  The  number  of 
totally  cloudy  days— days  with  one  hour's  sunshine  or  less —  are  not  many, 
for  according  to  Table  YI.  the  average  annual  number  is  about  80,  the  month 
of  July  having  the  largest  number.  As  I  have  pointed  out,  the  rainfall  has 
little  in  common  with  the  sunshine.  This  is  dependent  on  the  winds,  par- 
ticularly on  the  force  of  the  prevailing  winds  (Northerly),  as  the  greater  the 
force  of  the  Northerly  winds  there  is  more  liability  to  both  general  and  local 
doudy  weather,  the  **  parasol "  of  clouds  hanging  more  densely  over  the 
northern  part  of  the  island.  With  the  Easterly  and  Southerly  winds  the  sky 
is  usuaUy  cloudless,  but  with  the  South-west  winds  it  is  overcast. 

In  the  present  paper  it  is  impossible  to  go  into  the  question  of  humidity,  as 
it  is  associated  with  the  winds  and  this  with  the  barometric  pressure.  I 
might  briefly  point  out  that  the  rainless  period  shows  a  higher  degree  of 
humidity  than  the  rainy  periods,  and  thus  corresponds  more  with  the  dimi- 
nution of  sunshine.     This  is  seen  from  the  following  table : — 


Means. 

RainfaU. 

- 

Sunshine. 

Relative  Humidiiy. 

■»•* 

1 

^1 

No.  of 

Gloady 

Days. 

B 

OS 

^ 

i 

en 

a. 

OS 

Oct.  to  Jan 

Feb.  to  Hay.... 
Jane  to  Sept.    . « 

"3 

I20 
122 

Ins. 
6-1 16 

2'Il8 

•335 

38-6 
194 
4-1 

507 
522 

48-4 

9-1 

8-8 
1 1-4 

6^ 
66-6 
69*0 

65-6 

65-8, 
(70-0) 

7o 

74'S 
74-7 
76-9 

The  humidity  observations  for  8  p.m.  are  not  so  extensive  as  those  for  the 
other  hours,  being  the  means  for  three  years  only. 


Note  added  Maboh  1894. 

I  cannot  enter  into  the  subject  of  the  winds  and  the  weather  connected 
with  them.  This  would  require  a  separate  paper.  I  might  however,  indicate 
by  means  of  the  table  on  the  next  page  the  average  direction  of  the  wind  at 
noon  (G.  M.  T.)  and  at  9  p.m.,  and  with  this  I  must  bring  this  long  paper 
to  a  dose. 
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]C6nth8. 

Noon  (G.  M.  T.) 

9p.m. 

szsca 

E. 

SE 
IsB. 

sw 

.  w. 

1 

is 

E. 

SE. 
AB. 

SW. 

w. 

6-4 

4-6 
3-0 

^:i 

2-3 

2'0 

2-6 

5*2 

4-2 

5-4 

Jannaiy.... 
February  •. 
March    .... 

r :::::: 

Jmie  

July    

August  .... 
September. . 
October.... 
November  . 
December  . . 

157 
i3'5 
20*2 

«7-5 
29-0 
30*0 

2I-0 

i8-o 

2-8 

4'5 
5-2 

I'D 

2-6 

:i 
:| 

2-6 

U 

2'0 

•6 

•3 

4*4 

3-6  15-0 
17  15-4 

•2  21-8 

•5  aS-S 
•  .  I271 

•3  29-0 

2'0  22  6 

1-4  I9-0 
3-2  i8-4 
44  I7'8 

•6 
•6 
•4 

':i 

•6 

I'O 

1 

•I 

•2 
•6 
•2 

6-6 

1-8 
'4 

•  • 
40 

4*4 
6-2 

6-4 

DISCUSSION. 

Mr.  A.  Brewin  remarked  that  the  paper  would  have  been  improved  and 
rendered  more  interesting  if  further  information  had  been  given  concerning  the 
winds  at  Grand  Canary,  the  references  in  the  paper  to  this  important  factor  in 
climate  being  very  few,  and  in  one  place  where  it  was  stated  uiat  the  wind  for 
two  months  was  continuously  North  to  North-east,  it  was  very  doubtful  which 
two  months  were  referred  to. 

Mr.  C.  Habding  said  that  the  Canary  Islands  being  situated  to  the  east  and 
somewhat  south  of  the  area  of  high  pressure  in  the  Atlantic,  the  prevailing 
direction  of  the  wind  would  be  North  and  North-east.  In  the  Tables  accompany- 
ing the  paper  the  small  range  of  temperature  was  a  very  noticeable  feature  ; 
this  was  particularly  the  case  in  1889,  and  in  January  of  that  year  the  ranee 
between  the  absolute  maximum,  67°'5,  and  the  mean  maximum,  65^*2,  was  only 
2°*3.  The  minimum  temperatures  for  the  same  month  also  exhibited  a  similarly 
small  variation,  the  absolnte  being  55°'0,  and  the  mean  57°'4.  Possibly  these 
figures  were  correct,  although  a  person  accustomed  to  examine  and  analyse 
meteorological  data  might  reasonably  suspect  their  accuracy,  and  be  inclined  to 
think  that  for  that  month,  at  any  rate,  the  observations  were  probably  incom- 
plete. No  doubt  the  information  given  in  this  paper  was  of  considerable  value, 
particularly  from  a  medical  point  of  view,  as  the  Canary  Islands  were  now 
coming  into  prominence  as  health  resorts.  From  a  meteorological  standpoint 
objection  must  be  taken  to  the  manner  in  which  the  averages  had  been  s^ck, 
some  monthly  means  being  based  on  five  years'  observations,  some  on  four 
years',  and  one  on  three  years'.  Although  a  three-year  average  was  a  very  poor 
one,  it  would  be  better  to  have  all  the  means  for  a  uniform  period  rather  than  for 
a  varying  number  of  years. 

The  RESIDENT  (Mr.  R.  Inwards)  said  that  no  doubt  the  Canary  Islands  were 
coming  to  the  front  as  health  resorts  for  invalids,  and  any  information  concern- 
ing their  climate  was  both  interesting  and  vaJuable,  but  a  friend  who  had 
resided  at  Las  PiJmas  for  a  time  told  him  that  there  was  a  great  want  of  sanita- 
tion, and  that  with  efficient  drainage  the  town  would  l^  a  perfect  place  of 
residence. 

Mr.W.  Mabeiott  said  that  Mrs.  Stone,  in  her  book  Teneri/e  and  its  Six  SaUUUm^ 
gaye  some  account  of  the  climate  of  the  Canaiy  Islands,  which  agreed  with  the 
results  of  Dr.  Taylor's  observations.  The  french  Bureau  Central  M6t^ro- 
logique  also  had  a  station  at  Las  Palmas,  the  results  of  the  observations  from 
wmcn  were  published  in  the  Afmal$$. 
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Comparative  Observations  with  two  sets  of  Instruments  at 
llfracombe,  North  Devon^  during  1893. 

By  WILLIAM  MARRIOTT,  F.R.Met.Soo. 


[Boad  February  2l8t,  1894.] 

At  the  Meeting  of  the  Society  on  Jnne  15th,  1892,  Mr.  Bayard  read 
a  paper  on  <'  English  Climatology,  1881-1890,"  in  which  he  gave  the  results 
of  the  climatological  observations  for  the  10  years  at  all  the  Society's 
stations.  In  the  discussion  which  ensued  some  exception  was  taken  to  the 
nfracombe  observations,  as  the  thermometers  were  not  mounted  in  a  Steven- 
son screen ;  and  it  was  thought  that  the  high  winter  temperatures  were  not 
natural,  but  were  really  due  the  method  of  exposure. 

The  following  account  of  the  station  was  given  in  my  Inspection  Report^ 
for  1880  :— 

''  The  instruments  are  exposed  in  a  large  screen,  like  a  summer-house,  the 
rain-gauge  being  on  the  top  and  having  a  pipe  with  a  tap  below.  The  stand 
is  about  6  feet  square,  has  large  louvres  half  way  down,  then  lattice  work,  is 
painted  green,  and  has  a  slated  pyramidal  roof.  It  is  placed  over  the  shingle 
promenade  of  the  Ilfracombe  Hotel,  and  is  8  or  10  feet  from  the  embank- 
ment, which  rises  about  16  feet.  The  exposure  is  quite  open  to  the  sea 
from  the  west  to  north.  Capstone  rock  is  about  200  yards  distant  on  the 
north-north-east.  On  the  borders  and  outskirts  of  the  town,  hills  rise  to  the 
height  of  500  to  800  feet.     The  whole  of  the  soil  is  shale.*' 

Although  this  screen  was  not  of  the  regular  pattern,  1  was  of  opinion  thai 
the  temperature  observations  taken  in  it  would  be  fairly  comparable  with 
thpse  in  a  Stevenson  screen. 

On  each  of  my  visits  to  Bfrucombe  I  made  inquiries  as  to  the  possibility 
of  getting  another  station  started  in  the  town.  On  my  last  visit,  in  August 
1892, 1  called  on  the  Manager  of  the  Ilfracombe  Hotel,  and  pointed  out  to 
him  the  desirability  of  a  Stevenson  screen  and  a  Snowdon  rain  gauge  being 
obtained  and  placed  over  grass,  so  that  no  question  could  be  raised  as  to 
quality  of  the  observations,  and  that  they  might  be  strictly  comparable  with 
those  from  the  other  stations  of  the  Society.  I  selected  a  site  for  the  ther- 
mometer screen  and  rain  gauge  on  the  lawn  to  the  east  of  the  Hotel,  and  to 
the  south  of  the  old  screen.  The  Directors  subsequently  carried  out  this 
recommendation  ;  and  the  new  instruments  were  put  np  at  the  beginning  of 
October  1892. 

The  Stevenson  screen  is  about  60  feet  south  of  the  old  screen,  and  96  feet 
from  the  wall  of  the  Hotel ;  the  rain  gauge  is  about  90  feet  from  the  old 
screen,  and  90  feet  from  the  Hotel. 

^  Quarterly  Journdl,Yol.  VII.  p.  109. 
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As  the  observations  from  these  two  sets  of  instmments  have  now  been 
carried  on  simoltaneonsly  by  Mr.  M.  W.  Tattam,  the  observer,  for  more  than 
a  year,  I  think  the  Fellows  will  be  interested  in  having  the  results  for  the 
twelve  months,  January  to  December  1898.  These  are  given  in  the  accom- 
panying Table. 

BbSULTB  OV  OoiCPABATiyB  ObSSSTATIONB  with  two  SSTS  OT  ImSTBOMBNTS  at  iLnUOOKBB 

DUBZNQ   1893. 


IS93. 


January 
Febrnary 
March    . 
April  . . . 
May    ... 
June  . . . 
July    ... 
August  . 
September 
October 
NoTember 
December 


Year 


Temperature — Means. 


9  a.m. 


41 

45'> 

487 

53-0 

56-8 

6i-3 

62*8 

65*0 

59*9 

55*3 

467 

467 


o 

40-8 
44*4 
48-3 
527 

567 
6i'o 
62-6 
646 

59'5 
55-0 

465 
46-3 


Minimum. 


-••6 
-07 
-04 
-0-3 

-O'l 

-0-3 

-0-2 
-0-4 

■0-4 

-0-3 

-0'2 

-0-4 


37-8 
40-9 
42 -8 
466 
51.6 

55*i 
58-2 
59-8 
54-8 
50-5 

4*7 
41-6 


Maximum. 


43*8 
484 
54-0 
6o'i 
617 
657 
66-2 
69*1 
626 


43*9 
48-5 
540 
60-5 
62-1 
661 
66-4 
693; 
62-9 


§ 


583  584 

497;  499 
49-6  49-9 


4-0-1 
+01 
00 
-I- 0-4 
+0-4 
+0-4 
+0-2 
+0-2 
+0-3 
+0-1 
+0-2 
+0-3| 


Bange. 


6-0 

7'5 
11*2 

'3'5 

lO'l 

IO-5 
80 

^1 
7-8 

7-8 
7"o 
80 


53-6  53'2  — 0-4  48-5  48-9  -fO-^  57'4  577  -fO-Sl    8-9    8-8  — o'l  ^ro'S3'3  +0'3 


S 

I 
I 


59 

74 

io'9 

13-5 

IO"I 

lO'S 

7*9 
9-2 

7-5 
7-5 
6-8 

7*9 


-O'l 
-O'l 

-0-3 
0-0 
0-0 
0-0 

-O'l 
-O'l 

-o'3 
-0-3 

-0'2 
-O'l 


Mean. 


40*8 
447 
48-4 
53*3 
567 
6o'4 
62*2 
64-5 
587 
54*4 
46-2 
45-6 


41-0 
44-8 

53-8 
570 
'6o*9 
62*4 

647 
59-2 
54-6 
46-5 
46*0 


iS 
9 
P 


1893. 


January 

February 

March 

April 

May.. 

June 

July.. 

August 

September 

October    . , 

November 

December 


Tear 


Temperature — Extremes. 


Minimum. 


2S«4 

3*5 
37*5 
357 
449 
49*9 
5*-4 
5*-9 
46-9 
369 

28*9 


28-3 
33*3 
357 
36-1 

45*3 
50-5 
52-8 
54*3 
47*9 
383 
36-3 
29-9 


O'l 

+0-8 
—1-8 
+0-4 
4.0'4 
+0-6 
+0-4 
+1-4 
4.1-0 
+1'4 
-|-0'9 
+1'0 


+0-5 


Maximum  • 


53*5 
55*9 
63-8 

78-9 
747 
797 
78-9 
8a'9 
729 
65-3 
57-8 
55-* 


53*6 
56*0 
64*0 
78-0 
75-6 
80*0 
79-0 
83-2 
73.2 
6s-6 
58-0 
55-* 


+0-2 


Bange. 


25-1 
23-4 
26*3 
43'2 
29-8 
29-8 
26-5 
30*0 
26*0 
*8'4 

22-4 
26*3 


*5-3 

227 

28-3 
41-9 
30'3 
29-5 
26*2 
28-9 
25-3 
27-3 
217 
25-3 


+0-2 

—07 
+2-0 
—1-3 
+0-5 
— o'3 

— 0-3 
— I'l 
-07 
—  I'l 

— o'7 

— I'O 


Belati^e 
Humidity 


8585 
8685 


7° 

0 
+3 

— I 

0 

1 

0 


Bain. 


Ins. 

*-57 
5-62 

•5* 
•22 

2-75 

I'lO 

5-'5 
2-13 

3'oi 

5-14 
2*63 
6*27 


•38485   +1    37'"  30081—19 


It 

O 


Ins. 


2-51 
•93 


«75 
»*37 
4*02 
1*00 
5-09 


7c 


I '99 — 23 
4'44 
•41 


— 21 
I 

17—23 


—  9 
-«5 


4-40—15 


—18 
—21 
— 22 
24 
—19 


At  9  a.m.  the  temperature  in  the  Stevenson  screen  is  on  the  average  0°'4 
higher  than  in  the  old  screen.  With  regard  to  the  mean  minimnm  and 
mazunnm,  the  old  screen  records  a  higher  temperature  than  the  Stevenson 
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screen,  the  excess  for  the  minimum  being  0^*4,  and  for  the  maximum  0^*8. 
The  mean  temperature,  as  deduced  from  the  observations  made  in  the  old 
screen,  is  0^*8  higher  than  that  from  those  made  in  the  Stevenson  screen.  The 
extremes  show  practically  the  same  result ;  the  mean  of  the  absolute  minima 
being  0^*5,  and  the  mean  of  the  absolute  maxima  being  0^*2,  higher  in  the  old 
screen  than  in  the  Stevenson  screen. 


The  relative  humidity  does  not  show  much  variation,  the  mean  for  the 
year  being  1  per  cent,  greater  in  the  old  screen  than  in  the  Stevenson  screen. 

The  di£ference  in  the  amounts  of  rain  collected  by  the  two  gauges  is  some- 
what considerable,  as  was  to  be  expected,  the  old  gauge  being  9  feet  above 
the  ground  and  placed  on  the  top  of  the  thermometer  screen,  while  the  new 
gauge  is  of  the  Snowdon  pattern,  the  rim  being  1  foot  above  the  ground.  The 
total  rainfall  collected  by  the  Snowdon  gauge  during  the  year  was  87*11  ins., 
while  the  old  gauge  collected  only  80*08  ins.,  the  difference  being  19  percent. 

The  results  from  the  new  set  of  instruments  have  been  printed  in  the 
Meteorological  Record  since  January  1898  in  place  of  those  from  the  old 
instruments. 


DISCUSSION. 

Mr.  R.  J.  Leckt  sent  the  following  note,  which  was  read  by  the  Secretary : — 
'*  Were  I  with  you  on  Wednesday  I  should  probably  make  a  remark  or  two  on 
Stevenson^s  clever  and  valuable  screen,  now,  I  presume,  in  almost  universal  use, 
80  that  if  there  be  any  fault  in  its  construction  occasioning  an  error  it  becomes 
a  "constant"  in  any  comparisons  of  temperature  with  other  observations. 
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What  I  fear  in  these  screens  is  a  want  of  proper  ventilation,  and  that  in 
extremely  hot  sultry  weather,  especially  where  they  are  exposed  to  the  full  sun, 
they  become  a  species  of  oven  and  give  too  high  a  temperature  (I  do  not  so 
much  fear  a  vice  vena  effect  in  winter)  e^.  mv  Six  thermometer,  in  a  f u  riy 
sheltered  open  air  position,  where  it  agrees  well  with  others,  gave  87°  as  the 
highest  last  snmmer,  while  93°  was  reported  from,  I  presume,  a  Stevenson 
screen.  It  would  be  interesting  if  some  meteorologists  would  make  a  series 
of  observations  with  a  well  defended  op  an  air  thermometer  and  that  in  a  screen  ; 
it  would  of  course  require  a  fairly  lo:ig  series,  so  as  to  eliminate  extra  distur- 
bances. As  to  the  ventilation  I  allude  to,  I  have  always  thought  that  the 
louvring  was  overdone  in  being  doubled  and  too  small  a  distance  between  the 
laths ;  as  also  that  the  louvring  ought  to  be  vertical  instead  of  horizontal  as 
at  present,  in  fact  on  the  principle  of  **  Day's  *'  wind  guard  for  chimney  tops 
(made  as  in  his  original  patent  of  40  or  50  years  a^o,  not  as  scamped  by  present 
makers),  which  would  not  hamper  the  free  ventilation  as  the  present  double  con- 
fined  louvring  does. 

Mr.  C.  Lawrence  said  that,  bein.:;  a  frequent  visitor  to  Ilfracombe,  he  had,  in 
November  last,  made  an  inspection  of  the  screens  in  which  the  thermometers  are 
placed  there,  and  had  also  interviewed  Mr.  M.  W.  Tattam,  who  takes  the  records 
with  (the  approval  of  the  Society,  and  who  was  evidently  perfectly  well  qualified 
to  make  observations,  carrying  out  the  work  in  a  conscientious  manner.  The 
Society  had  done  a  good  thing  in  establishing  a  Stevenson  screen  and  making 
comparative  observations  between  the  temperatures  in  that  screen  and  those  in 
the  old  form  of  shelter,  for  the  result  clearly  showed  that  the  temperature  of 
Ilfracombe  as  registered  in  the  old  screen  was  practically  correct,  and  that  the 
fact  of  its  having  the  highest  mean  temperature  in  the  United  Kingdom  was  well 
established. 

Mr.  E.  Mawley,  referring  to  Mr.  Lecky*s  letter,  said  that  no  better  refutation 
of  the  idea  that  a  Stevenson  screen  was  likely  to  become  heated  up  **  like  an 
oven,"  owing  to  its  want  of  sufficient  ventilation,  could  be  given  than  the  photo- 
graph of  the  Ilfracombe  screen,  which  showed  that  whatever  the  other  defects  of 
that  screen  might  be  it  was  at  all  events  freely  ventilated  on  all  sides  ;  and  yet 
on  turning  to  the  Table  of  comparative  observations  it  would  be  seen  that  on  the 
hottest  days  of  last  year  the  Stevenson  screen  comes  out  as  rather  the  cooler  of 
the  two.  He  had  made  various  experiments  with  the  Stevenson  screen  in  order 
to  determine  its  suitability  for  the  exposure  of  thermometers,  having  compared 
the  records  of  one  of  the^e  screens,  sheltered  at  the  top  and  sides  with  canvas 
and  placed  in  full  sunshine  with  an  ordinarily  exposed  screen  also  in  sunshine, 
and  also  a  screen  placed  in  the  shade  of  a  tree  with  one  fully  exposed  to  the 
sun's  rays,  the  results  of  these  various  tests  showing  that  the  differences  between 
ordinary  exposure  and  shaded  exposure  were  but  slight.  He  regarded  the 
Stevenson  screen,  all  things  considered,  as  the  best  form  of  exposure  for  thermo- 
meters ;  but  he  was  glad  that  the  records  of  the  old  screen  at  Ilfracombe  were 
found  to  approximate  so  closely  to  those  of  the  Stevenson  screen,  as  if  it  had  been 
otherwise  a  long  series  of  observations  would  have  been  spoiled. 

Mr.  F.  C.  Batard  said  that  in  the  discussion  on  his  paper  on  '<  English  Clima- 
tology, 1881-90,"  read  at  the  meeting  of  the  Society  on  June  16th,  1892,  Mr. 
Symons  had  expressed  considerable  doubt  concerning  the  accuracy  of  the 
temperatures  at  Ilfracombe,  believing  that  the  peculiar  construction  of  the  screen 
caused  too  high  a  temperature  to  be  recorded.  It  was  very  satisfactory  to  find 
that  such  was  not  the  case,  and  that  the  exceptional  warmth  of  ilfracombe  was 
entirely  due  to  its  sheltered  situation,  so  that  it  was  one  of  the  warmest  places 
in  the  British  Isles,  excepting  the  Channel  Islands. 

Mr.  C.  Harding  said  that  the  large  form  of  screen  at  Ilfracombe  appeared  ta 
bear  some  resemblance  to  the  thermometer  shelter  used  in  India,  and  it  was  very 
gratifying,  although  somewhat  surprising,  that  the  results  from  the  Stevenson 
screen  agreed  so  well  with  those  from  the  old  screen.  Much  variation  between 
the  mean  values  in  the  different  screens  was  hardly  to  be  expected,  but  the 
extreme  temperatures  also  exhibited  very  small  difierences.  He  had  on  some 
occasions  noticed  as  much  as  a  difference  of  1°  between  two  similar  thermo- 
meters in  a  Stevenson  screen,  and  in  the  morning  had  seen  the  maximum  thermo- 
meter indicating  a  lower  temperature  than  the  dry  bulb  ;  the  difference  being 
apparently  due  to  the  sun  shining  on  the  side  of  the  screen  to  which  the  dry  bulb 
was  in  closest  proximity* 


Digitized  by 


Google 


168  msouBeaox— oBttBVATloKa  at  xleuooicbi  DUBora  1898. 

Mr.  R.  H.  Scott  drew  attention  to  the  form  of  thermometer  shelter  used  at 
the  Ordnance  Survey  Office,  Dublin,  from  1842  to  1879,  when  a  Stevenson  screen 
was  supplied  by  the  Meteorological  Office.  It  was  described  and  illustrated  in 
an  Ordnance  Survey  publication  entitled  Meteorological  Observations  taken  during 
the  years  1829  to  1852  at  the  Ordnance  Survey  Office,  Phcmix  Park,  Dublin. 

The  description  was  as  follows  : — *^  The  Observatorv is    an   octag^onal 

wooden  structure,  with  a  dome  shaped  roof ;  the  length  of  the  exterior  side  is 

6  feet,  and  the  height  above  the  ground  to  the  springing  of  the  ellipsoidal  dome 

7  feet  4  inches.  Each  side  consists  of  an  external  and  internal  frame,  of  fixed 
louvred  work,  having  a  space  of  6  inches  between  the  frames.  Alternate  sides 
are  made  to  open  like  folding  doors,  but  it  was  not  usual  to  open  any  one  of  the 
sides  except  occasionally  for  the  purpose  of  admitting  more  light  at  the  time  of 
reading.*' 

The  President  (Mr.  R.  Inwards)  said  that  it  was  satisfactory  to  find  that 
the  temperature  observations  agreed  so  closely  despite  the  difference  in  the  con- 
struction and  size  of  the  two  screens,  0^*5  being  the  extreme  limit  of  error.  The 
variation  in  the  rainfall  was,  however,  considerable,  and  he  hoped  that  some 
satisfactorv  explanation  would  be  given  of  the  divergence  of  19  %  which  had 
been  found,  to  exist  between  the  two  gauges,  as  the  comparatively  slight  differ- 
ence in  their  situation  did  not  appear  to  be  sufficient  to  account  for  so  large  an 
error  as  19  %.  Regarding  Mr.  Lecky's  remarks  and  suggestions,  it  did  not 
appear  that  vertical  louvring  possessed  any  advantages  over  the  form  of  louvres 
as  now  constructed.  Prof.  TyndalPs  idea  of  the  manner  in  which  a  thermometer 
should  be  exposed  was  to  suspend  a  spirit  thermometer  in  the  open  air  on  a  cord 
or  strine  stretched  between  two  posts  fixed  in  the  ground. 

Mr.  W.  Marriott  said  that  Dr.  Buchan  had  informed  him  that  a  somewhat 
similar  screen  had  been  in  use  for  many  years  at  Braemar.  A  shoit  time  ago 
a  Stevenson  screen  was  set  up  beside  it,  and  comparative  observations  made  in 
the  two  screens,  when  results  were  obtained  which  were  similar  to  those  at 
Ilfracombe. 


PROCEEDINGS  AT  THE  MEETINGS 
OF  THE  SOCIETY. 


Jannaiy  17tli,  1894. 

Ordinary  Meeting, 

0.  Theodoeb  Williahs,  M.A.,  M.D.j  President,  in  the  Chair. 

John  Alfred  Fox,  L.R.C.P.,  M.R.C.8.,  Tregea  House,  Penzance  ; 
Frederic  Merrifield,  24  Vernon  Terrace,  Brighton  ;  and 
Thomas  James  Scott,  Ediestone  House,  Prestatyn,  Rhyl, 
were  balloted  for  and  duly  elected  Fellows  of  the  Society. 

Robert  Lewis  John  Ellery,  F.R.S.,  Government  Observatory,  Melbourne  ; 

and 
Dr.  Maurits  Snellen,  Royal  Meteorological  Institute  of  the  Netherlands, 
Utrecht,  were  balloted  for  and  duly  elected  Honorary  Members  of  the  Society. 

The  Secretary  stated  that  the  Council  had  requested  the  following  letter  from 
the  President  to  be  read  to  the  Society  : — 

"2  Upper  Brook  Street,  W. 

"January  7th,  1894. 
'^  Oemtlemen 

"  As  I  'shall  shortly  retire  from  the  Presidency  of  the  Royal  Meteoro- 
logical Society,  the  tenure  of  which  office  for  two  years  1  shall  always  regard  as 
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a  high  honour  conferred  on  me  by  a  learned  and  Bcientific  Society,  I  wish  to 
leave  behind  some  memorial  of  my  pleasant  term  of  office,  and  after  considering 
the  matter  carefully,  and  consulting  with  some  of  our  colleagues,  I  have  decided  to 
present  the  sum  of  £100  to  form  the  nucleus  of  a  Research  Fund,  to  defray  the 
expenses  of  such  experiments  and  observations  in  meteorology  as  the  Council 
may  from  time  to  time  think  fit  to  investigate. 

"  I  would  instance,  as  the  kind  of  work  contemplated,  the  Wind  Force  experi- 
ments, and  the  observations  taken  on  the  Boston  Church  Tower. 

'*  In  the  event  of  no  grants  being  made  for  a  while  from  the  Fund,  the  money 
is  to  be  invested  and  the  interest  allowed  to  accumulate  to  augment  the  sum 
mvailable  for  future  grants. 

*^  Hoping  that  the  institution  of  such  a  fund  will  forward  the  progress  of  the 
Society,  of  which  there  is  no  more  ardent  admirer  than  myself,  thanking  you 
warmly  for  the  support  and  indulgence  you  have  extended  to  me  during  my  term 
of  office,  and  with  all  good  wishes  for  you  collectively  and  personally, 

"  I  remain, 

"  Yours  faithfully, 

"C.  Theodore  Williams." 
"  The  Council  of  the  Royal  Meteorological  Society." 

Mr.  R.  H.  Curtis  exhibited  and  described  some  lantern  slides  showing  the 
wind  records  obtained  from  the  Dines*  Anemometer  at  Westminster,  and  from 
the  Bridled  Anemometer  at  Holyhead,  during  the  November  gale.     (p.  43.) 


January  17tli,  1894. 

Annual  General  Meeting. 

C.  Theodore  Williams,  M.A.,  M.D.,  President,  in  the  Chair. 

Mr.  F.  B.  Edmonds  and  Mr.  H.  Harries  were  appointed  Scrutineers  of  the 
Ballot  for  Officers  apd  Council. 

Mr.  F.  C.  Bayard  read  the  Report  of  Council  and  the  Balance  Sheet  for  the 
past  year  (p.  92). 

It  was  proposed  by  the  President,  seconded  by  Mr.  F.  C.  Bayard,  and 
resolved  : — "  That  the  Report  of  the  Council  be  received  and  adopted,  and 
printed  in  the  Quarterly  Journal,^' 

It  was  iproposed  by  Mr.  A.  Brewin,  seconded  by  Mr.  W.  M.  Beaufort,  and 
resolved  : — "  That  the  thanks  of  the  Society  be  given  to  the  Officers  and  other 
Members  of  Council  for  their  services  during  the  past  year.*' 

It  was  proposed  by  Mr.  F.  J.  Brodie,  seconded  by  Capt.  W.  F.  Caborne,  and 
'  resolved : — **  That  the  thanks  of  the  Society  be  given  to  the  Standing  Committees 
and  to  the  Auditors,  and  that  the  Committees  be  requested  to  continue  their 
duties  till  the  next  Council  Meeting." 

It  was  proposed  by  the  Hon.  F.  A.  R.  Russell,  seconded  by  Dr.  R.  Barnes, 
and  resolved  : — "  That  the  best  thanks  of  the  Royal  Meteorological  Society  be 
commnnicated  to  the  President  and  Council  of  the  Institution  of  Civil  Engineers 
for  having  granted  the  Society  free  permission  to  hold  its  Meetings  in  the  rooms 
of  the  Institution." 

The  President  then  delivered  an  Address  on  *'The  Climate  of  Southern 
Califomia"(p.  81). 

It  was  proposed  by  Mr.  Baldwin  Latham,  seconded  by  Sir  Richard  Quain, 
and  resolved  : — ^That  the  thanks  of  the  Society  be  given  to  Dr.  C.  Theodorb 
Williams  for  his  services  as  President  during  the  past  year  and  for  his  generous 
gifts,  and  also  for  his  Address,  and  that  he  be  requested  to  allow  that  to  be  printed 
in  the  Quarterly  Journal." 

MBW  BEBIBS. — ^YOL.  XX  M 
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The  Scrutineers  declared  the  following  gentlemen  to  be  Officers  and  Council 
for  the  ensuing  year  : — 

President. 
Richard  Inwards,  F.R.A.B. 

Vice-Presidents. 
Robert  Barnes,  M.D.,  F.R.C.P. 
Hon.  Francis  Albert  Rollo  Russell,  5I.A. 
Stephen  William  Silver,  F.R.G.S. 
Charles  Theodore  Williams,  M.A.,  M.D.,  F.R.C.P. 

Treasurer. 
Henry  Perigal,  F.R.A.S.,  F.R.M.S. 

Secretaries. 
Francis  Campbell  Bayard,  LL.M. 
George  James  Symons,  F.R.S. 

Foreign  Secretary. 
Robert  Henry  Scott,  M.A.,  F.R.S. 

CoonciL 

Robert  William  Peregrine  Birch,  M.Inst.C.E.,  F.G.S. 

George  Chatterton,  M.A.,  M.Inst.C.E. 

William  Henry  Dines,  B.A. 

William  Ellis,  F.R.S.,  F.R.A.S. 

Charles  Harding. 

Baldwin  Latham,  M.InstC.E.,  F.G.S. 

Admiral  John  Pearse  Maclear,  R.N.,  F.R.G.S. 

William  Marcet,  M.D.,  F.R.S.,  F.C.S. 

Edward  Mawlby,  F.R.H.S. 

Henry  Southall,  F.R.H.S. 

William  Blomefield  Tripp,  M.InstC.E. 

Capt.  David  Wii^on-Barker,  F.R.G.S. 
Dr.  C.  T.  Williams  having  left  the  Chair,  it  was  taken  by  Mr.  R.  Inwards. 
the  newly  elected  President,  who  thanked  the  Fellows  for  the  honour  they  haa 
conferred  upon  him  in  electing  him  to  that  office. 


Febmary  21st,  1894. 

Ordinary  Meeting. 
Richard  Inwards,  F.R.A.S.,  President,  in  the  Chair. 

Richard  Manliffe  Barrington,  M.A.,  LL.B.,  F.L.S.,  Fassaroe,  Bray,  Co. 

Wicklow ; 
C.  G.  LuMLEY  Cator,  7  Southwick  Place,  Gloucester  Square,  W. ;  and 
Henry  Owen,  F.R.G.S.,  26  Albion  Street,  Hyde  Park,  W., 
were  balloted  for  and  duly  elected  Fellows  of  the  Society. 

The  following  Papers  were  read : — 

"  Report  on  the  Phenological  Observations  for  1893."    By  Edward 
Mawley,  F.R.Met.Soc.    (p.  126.) 

'*■  Temperature,  Rainfall,  and  Sunshine  at  LasPalmas,  Grand  Canary.** 
By  J.  Cleasby  Taylor,  M.D.    (p,  154.) 

"  Comparative  Observations  with  two  sets  op  Instruments  at  Ilfra* 
combe  during  1893."    By  William  Marriott,  F.R.Met.Soc.    (p.  164.) 
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CORRESPONDENCE  AND  NOTES. 

The  late  Arthur  Hill  Hassall,  H.D.— Dr.  HassairB  work  in  Natural  HistorT, 
'Hygiene,  on  Food ,  in  Physiology  and  Medicine  was  so  striking  that  his  contributions 
'to  Meteorology  have  hardly  received  the  recognition  they  deserve.  His  work  in 
this  direction  was  not  merely  devoted  to  barren  observation  ;  but  he  applied  it 
to  the  practical  obiects  of  the  preservation  of  liealth  and  the  cure  of  disease. 
It  would  be  difficult  to  find  in  the  history  of  Medicine  a  more  valuable  example 
of  the  application  of  meteorological  science  than  that  supplied  by  the  National 
Hospital  for  Consumption  at  Ventnor,  founded  by  him.  The  principle  of  isola- 
tion of  the  patients,  thus  securing  to  each  air  free  from  mutual  contamination, 
and  so  avoiding  "  hospital  air,"  was  here  first  put  into  practice.  The  next  point 
was  that  each  patient's  bed-room  should  face  south.  All  the  other  arrangements 
-were  made  to  harmonise  with  this  leading  idea.  Another  illustration  of  Dr. 
Hassairs  attention  to  meteorology — that  is,  of  making  air  the  vehicle  of  healing 
agents — was  his  advocacy  of  the  treatment  of  consumption  by  inhalation.  Space 
will  not  admit  of  dwelling  further  upon  this  topic.  But  we  cannot  close  this 
'brief  notice  without  recording  one — ^the  last  proof  of  the  keen  devotion  to  the 
study  of  nature  which  animated  him  throughout. 

He  had  kept  up  a  systematic  observation  of  the  Meteorological  phenomena  at 
San  Remo  for  the  last  twelve  years.  This  fact,  and  the  knowledge  that  he  was 
ever  ready  to  enter  upon  new  helds  of  investigation,  induced  me  to  seek  his  aid 
in  carrying  out  the  proposition  I  had  started  in  the  Royal  Meteorological  Society, 
to  obber>'e  the  changes  in  the  constitution  and  properties  of  the  air  under  dif- 
ferent conditions.  I  wrote  to  him  last  February  asking  him  to  note  the  propor- 
tion of  salt  in  the  rain-water  falling  near  the  sea  ;  that  we  might  have  a  standard 
of  comparison  with  rain  coming  from  other  seas  besides  the  Mediterranean  and 
{further  inland.  He  immediately  set  to  work.  In  a  letter  dated  February  21st, 
he  says :  »*  No  rain  fell  for  some  days  after  your  letter.  I  have  now,  however^ 
obtained  two  separate  samples,  and  have  determined  the  chloride  of  ammonium  in 
each  case.  The  amount  in  each  case  is  nearly  identical,  namely,  0*040  per  litre, 
•equal  in  round  numbers  to  about  a  grain.  The  smallness  of  the  quantity  is 
perhaps  to  be  explained  by  the  fact  that  there  was  no  wind  from  the  sea  at  the 
tiifte."  On  March  27th,  he  writes  again,  "  In  my  own  view  of  my  case  I  tliink 
that  there  is  little  hope  of  contemporary  recovery.  With  regard  to  salt  in  the  air 
over  the  sea,  it  is  astonishing,  considering  the  winds,  how  little  evidence  there 
is  of  the  presence  of  salt.  One  never  feels  it  on  one's  lips  ;  it  never  accumulates 
on  the  window  panes ;  and  it  is  only  now  and  again,  owing  to  the  absence  of 
sea-weed,  that  you  ever  even  get  a  sniff  of  the  sea.  The  only  evidence  of  salt- 
ness  is  that  steel  articles  after  a  good  deal  of  exposure  become  somewhat  rusty." 

So  that  to  the  last  he  sought  to  unravel  the  arcana  of  Nature.  On  April  9th 
he  died.  No  man  had  a  better  claim  to  the  epitaph,  "  Non  omnia  moriar" — 
Robert  Barnes. 

Waterspout  in  Somerset,  April  26tli,  1894.— A  severe  thunderstorm  passed 
over  the  neighbourhood  of  Chew  Stoke  about  8  a.m.  on  Thursday,  April  26tlu 
In  the  height  of  the  storm  a  waterspout  was  seen  forming  on  Black  Down,  a 
high  point  on  the  Mendips,  just  above  the  village  of  Biagdon.  The  storm  passed 
•over  Breach  Hill  in  a  north-easterly  direction,  accompanied  by  a  cyclonic  distur- 
bance, which,  however,  only  embraced  a  narrow  path.  On  reaching  Chew  Stoke 
the  tiles  on  a  house  were  dislodged,  causing  great  alarm  to  the  inmates.  At 
Chew  Magna,  which  was  in  the  path  of  the  storm,  the  roofs  of  some  carpenters* 
workshops  were  much  damaged. 

Atmospheric  Electricity. — Observations  have  lately  been  made  from  the 
Eiffel  Tower  to  ascertain  the  voltage  variations  at  different  heights  and  upon 
•different  days.  The  diurnal  variations  are  the  more  consistent  the  greater  the 
height ;  there  is  a  minimum  voltage  in  the  morning  and  a  maximum  in  the  even- 
ing. The  morning  readings  agree,  as  to  time  of  minimum,  whether  taken  upon 
the  top  of  the  tower  or  on  the  level  ;  the  evening  maximum  occurs  one  hour 
sooner  upon  the  tower  than  upon  the  level.  The  mean  potential  was  3,000  volts^ 
frequently  rising  above  10,000. — Electrical  Review. 
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Lightning  and  Trees. — M.  Dimitrle  has  found  that  different  kinds  of  wood 
have  very  different  conductivities  for  the  sparks  of  a  Holtz  machine.  Oak  was 
easily  pierced,  but  beech  was  highly  resisting.  The  quantity  of  water  present 
was  not  so  important  as  the  amount  of  oil.  Woods  containing  starch,  and  but 
little  oil,  like  oak  and  poplar,  have  much  less  resistance  to  sparking  than  those 
containing  oil,  like  the  beech.  Pine,  which  contains  oil  in  winter  much  more 
than  in  summer,  is  comparable  with  oak  in  resistance  to  sparks.  When  the  oils 
are  extracted  by  ether,  these  woods  are  as  easily  pierced  as  the  starch  varieties* 
Those  containing  starch  are  less  easily  pierced  when  living  than  when  dead  ;  the 
bark  and  foliage  in  all  the  trees  are  poor  conductors.  The  conclusions  accord 
with  the  observations  that  in  a  certain  case  159  oaks  were  struck  by  lightning, 
as  against  21  beeches  and  69  pines.  The  danger  of  being  struck,  taking  beecn 
as  the  standard,  is  5  for  Norway  pine,  33  for  pine,  and  48  for  oak. — Electrieal 
Review, 

Tornado  at  Novskai  May  Slst,  1892« — Mons.  A.  Mohorovicic  has  communi- 
cated an  interesting  paper  on  this  tornado  to  the  South  Sclavish  Academy  of 
Science  and  Art.  Novska  is  a  town  on  the  Save  about  one  third  of  the  way 
between  Agram  and  Belgrade,  and  just  on  the  southern  edge  of  the  hills  lying 
between  the  Save  and  the  Drave.  On  the  afternoon  of  May  81st,  the  four 
o'clock  train  going  eastwards  was  caught  by  the  whirlwind  when  it  had  got  about 
150  yards  from  the  station.  The  last  four  carriages  were  thrown  off  in  a  south- 
west direction,  the  front  of  the  train  in  a  north-east  direction.  The  middle 
carriages  were  uninjured.  One  carriage,  weighing  13  tons  with  three  passengers, 
was  apparently  carried  over  the  hedge  and  the  telegraph  wires  for  a  distance  of 
30  yards.  The  hedge  and  wires  were  uninjured.  The  passengers'  accounts  of 
their  experiences  are  contradictory,  and  small  wonder!  The  guard  was  thrown 
out  at  an  early  stage  of  the  performance.  No  one  was  killed,  but  a  great  deal  of 
damage  to  buildings  was  reported.  One  girl,  looking  after  a  flock  of  geese,  was 
caught  up  by  the  wind  and  came  to  herself  after  her  flight  with  only  a  scratch 
on  the  hand.  A  bystsuider  saw  her  in  the  air,  and  her  long  hair-pins  were  found 
300  yards  from  her  final  stopping  place.  A  map  giving  the  directions  of  the 
different  groups  of  fallen  trees  in  the  adjacent  forests  shows  that  the  circulation 
was  cyclonic.    The  greatest  force  was  apparently  exerted  on  the  tail  of  the  train. 

Large  Hailfltones  at  Sea. — The  following  is  an  extract  from  the  Meteorologi- 
cal Log  No.  9,156,  kept  on  board  the  S.S.  Anglian^  by  Captain  F.  J.  Mosley : — 

"  October  8th,  1893.  Position  at  noon,  lat.  47°3'  N.  long.  6°22'  W.,  8.30  a,m. 
Heavy  thunderstorm  accompanied  by  hail  of  the  size  of  walnuts.  Wind  fell 
light,  continued  veering  and  backing  between  West  and  South-south-east,  with 
hard  rain  squalls  at  short  intervals  for  two  hours,  then  steadied  at  South-south- 
west. The  hailstones  in  this  shower  were  of  phenomenal  size;  many  being  an 
inch  in  diameter.    Two  actually  measured  were  \k  inches  in  diameter." 

Monthly  Weather  Report  for  Euseia.— With  January  1893,  the  Russian 
Meteorological  Office  commenced  the  issue  of  a  Monthly  Weather  Report 
for  agricultural  purposes,  somewhat  corresponding  to  our  own  IVeekly  Weather 
Beport,  The  Russian  paper  does  not  deal  with  accumulated  temperature  at  all, 
and  treats  of  decades,  not  of  calendar  weeks.  It  gives,  however,  barometrical  data 
which  are  entirely  absent  from  the  British  report.  The  stations  for  which  data 
are  furnished  are  the  Telegraphic  Reporting  Stations  of  the  Russian  and  Fin- 
nish system,  and  numbered  73  in  1893.  The  barometer  is  entered  without  any 
comparison  with  standard  means.  The  temperature  is  given  for  the  decades 
and  the  month  with  difference  from  the  mean  in  each  case.  Absolute  max. 
and  min.  for  the  month  are  given  for  such  stations  as  observe  these  phenomena 
or  either  of  them.  The  other  information  contained  in  the  table  on  the  first 
page  relates  to  relative  humidity,  amount  of  cloud,  and  wind  frequency  (8points), 
Kain,  with  difference  from  averages  for  decades  and  months,  is  given  for  312 
stations,  and  also  the  number  of  days  of  snow  covering,  and  the  Report  is  accom- 
panied by  a  map. 
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ON  THE  RELATION  BETWEEN  THE  MEAN  QUARTERLY 
TEMPERATURE  AND  THE  DEATH  RATE. 

By  W.  H.  dines,  B.A.,  F.R.Met.Soc. 


[Beceived  February  2l8t.— Bead  March  2l8t,  1894.] 

HAvma  been  stmck  by  the  continnonsly  high  weekly  death  rate  daring  the 
last,  remarkably  hot,  summer,  I  was  led,  as  a  matter  of  cariosity,  to  tabulate 
the  returns  for  preceding  years,  to  see  whether  the  occurrence  was  merely  a 
eoincidence  or  a  general  rule. 

The  Quarterly  Returns  of  the  Registrar- General  for  the  whole  of  England^ 
published  since  1862,  have  been  taken,  and  the  number  of  deaths  each 
quarter  expressed  as  a  departure  per  thousand,  plm  or  minuSf  from  thai 
particular  quarter's  average  ;  the  value  so  obtained  being  placed  side  by  side 
with  the  corresponding  departure  of  the  temperature  from  its  mean  value. 

It  is  well  known  that  down  to  about  1888  a  steady  decrease  of  the  death 
rate  occurred,  a  decrease  which  has  now  unfortunately  ceased.  It  is  obvious 
ihat  it  would  not  be  fair  to  compare  the  rate  at  either  end  of  the  period  with 
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the  mean  for  the  whole,  hence  the  82  years  have  heen  divided  into  three 
nearly  equal  parts  and  the  rate  compared  with  the  average  of  the  part  in 
which  it  occurred. 

The  Registrar  GeneraFs  returns  relate  to  the  civil  quarter  (January-March, 
&G.),  hut  the  temperature  has  heen  taken  for  the  seasonal  quarter  (Decem- 
her-Fehruary,  &c.).  This  seemed  to  he  the  more  satisfactory  course,  for  the 
cause  must  precede  the  effect.  Also  the  connection  between  heat  and 
diarrhoea  is  perfectly  well  known,  but  the  time  of  the  highest  death  rate 
from  diarrhoea  comes  some  three  weeks  or  so  later  than  the  time  of  highest 
temperature.  It  may  be  added  that  had  the  civil  instead  of  the  seasonal 
quarter  been  taken  the  results  would  have  been  substantially  the  same. 

The  mean  temperature  is  that  of  Greenwich.  A  more  central  station 
would  have  been  better,  but  for  so  long  a  period  as  three  months,  the 
Greenwich  temperature,  considered  simply  as  a  departure  from  the  mean, 
must  be  fairly  representative  of  that  of  England. 

TABLE  sHowiNa  the  departures  from  the  averaqb  of  the  Quarterly  Death  Bate 

AND  OF  the  QoARTERLY  MeAK  TEMPERATURE. 


Year. 

Winter.          1 

Spri 

ng. 
Temp. 

Summer.        1 

Aatumn. 

Death 
Kate. 

Temp. 

Death   ' 
Rate.    ' 

Death 
Bate. 

Temp. 

Death 
Kate. 

Temp, 

1862 

—   9 

0 

—  -6 

+i°9 

—3-1 

0 
—2-5 

*o 

0 
—  '4 

1863 

'O 

--32 

+  1-2 

+  1-2 

+  '6 

—  -5 

—   '2 

+  •1 

1864 

+2-2 

—  7 

+  7 

--  7 

+  I'2 

+  "3 

— 1-2 

+  I-I 

—  '4 

1865 

+  1-2 

—2-2 

+  •2 

+  "2 
+  -6 

+  -5 

+  •4 

--3-0 

1866 

+  1-2 

+2-5 

+2-4 

—  '9 

—  -4 

—  -6 

+  -5 

1867 

•0 

+1-3 

—  '9 

—  '4 

—1-2 

— I'D 

—  I'l 

— i-o 

1868 

—3-3 

—  -I 

—1-6 

+27 

+2-6 

+3-6 

—  -6 

—   '2 

1869 

—  -8 

+4-8 

—  -3 

—ro 

—  -6 

-  -6 

+  -5 

+   •1 

1870 

+  •8 

—1-8 

—   -2 

-j-   '2 

+  •9 

+17 

—   •! 

— 1-2 

1871 

—  '5 

--2-9 

—  '5 

•0 

—   4 

+ro 

— 2*1 

1872 

+  •1 

+2-5 

+  •4 

+  •8 

+1-8 

+  -9 

T  '7 

•0 

1873 

—  '5 

+  •8 

—  -3 

T  '9 

u 

+I'2 

+  -6 

T^'3 

1874 

•! 

+i;o 

H 

h-3 

-|-i*o 

+  *I 

+2-8 

+  •3 

1875 

+4-0 

- 

-i"4 

+  -I 

u 

—  -5 

+  -8 

—  •! 

1876 

•0 

+^•3 

- 

-   '2 

—  1-2 

+  1-9 

— i-i 

+  7 

1877 

— 1-2 

-t-4-i 

- 

-  7 

—  2'I 

—1-6 

+0-5 

—  -8 

— 1*2 

1878 

—  -8 

+1-8 

_ 

-   •! 

+1-4 

+1-4 

+1-2 

+1-6 

—  -9 

1879 

-I-1-5 

-47 

-^ 

-  -3 

—2-8 

T^'9 

—2-5 

+  *i 

—2-3 

1880 

—  7 

-3-2 

— i-o 

+  "9 
+  '4 

+I-I 

•0 

—  1-4 

—  -8 

1881 

—1-8 

—1-5 

+2-0 

—2-5 

+  -3 

—23 

4 

1882 

•0 

+^•4 

+2-0 

—    •! 

+2-4 

+  •6 

— 2*0 

+  -9 

T  '7 

1883 

+  •8 

+  I'0 

-r8 

—  '3 

—  '5 

4-  •! 

+  •1 

1884 

—1-9 

+2-5 

—   •! 

+  •9 

+27 

+1-8 

+  '8 

•0 

1885 

+  •4 

-i-i-2 

+  •3 

— i-i 

T  '5 

—  '2 

—  '5 

—  2-0 

1886 

+1-5 

—3-1 

—  -g 

—  7 

+  •9 

+   •1 

—  '5 

+1-8 

1887 

—  7 

—2-3 

—  .7 

—3-3 

+  7 

+2-5 

—    •! 

-3-6 

1888 

—  -2 

-^•3 

—1-4 

—2-3 

— 2*0 

—2-4 

— I'l 

—  -6 

1889 

—17 

—  I'O 

—17 

+  -5 

—  '3 

•0 

-4-  -9 

—  •6 

1890 

+17 

—  -5 

-1-3 

+  '4 

—  '3 

—1-8 

+  •9 

+  7 

i8gi 

U 

—5-2 

+4-5 

—2-2 

-1-3 

—  i-o 

+  -I 

+  •8 

1892 

-  '5 

— 1-2 

•0 

—  1-6 

—  I'O 

— rS 

— 1'2 

1893 

— rg 

—1-6 

+1-3 

4-4-6 

4-2'0 

+27 

+07 

—   •! 

In  the  winter  quarter  there  seems  to  he  no  fixed  rule,  though  it  has  heen 
supposed  that  a  cold  winter  is  unhealthy  and  a  warm  winter  healthy.     Like 
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signs  occur  together,  Ihat  is  a  +  with  a  +,  or  a  —  with  a  — ,  twelve  times, 
and  unlike  signs  sixteen  times,  the  remaining  four  being  instances  in  which 
an  exact  average  value  occurs,  which  cannot  be  called  either  plus  or  minus. 
Thus  out  of  28  winters  we  have  12  exceptions  to  the  supposed  rule.  The 
exceptionally  mild  winters  of  1866  and  1888  were  unhealthy,  and  those  of 
1868  and  1872  had  an  average  death  rate.  The  exceptionally  cold  winters 
of  1881  and  1898  were  exceptionally  healthy,  and  those  of  1880, 1887, 1888, 
and  1891  had  a  nearly  average  rate.  With  the  exception  of  1818-14,  1891 
seems  to  have  been  the  coldest  winter  of  this  century,  and  the  fact  that  such 
a  winter  had  an  average  death  rate  proves  that  prolonged  cold  is  not  neces- 
sarily prejudicial  to  health.  This  is  the  more  remarkable,  for  1891  was 
notorious  for  the  number  of  its  fogs. 

Marked  instances  occur  in  1866,  1876,  1877,  1879,  1884,  and  1886,  but 
1889  gives  the  case  of  a  healthy  winter  being  coincident  with  a  rather  cold 
one,  and  1892  of  an  exceptionally  unhealthy  winter  occurring  with  a  nearly 
average  temperature.  Thus  in  82  years  we  have  six  well-marked  examples 
and  five  well-marked  exceptions,  and  I  think  the  figures  justify  our  stating 
that  there  is  no  definite  relation.  They  do,  however,  show  that  the  old 
proverb  that  *'  a  green  yuletide  makes  a  fat  churchyard  "  is  not  true. 

In  the  summer  quarter  there  is  a  marked  relation  between  the  tempera- 
ture and  the  death  rate.  A  hot  summer  is  always  unhealthy  and  a  cool 
summer  healthy.     We  have  22  like  signs  occurring  together  and  7  unlike. 

The  two  summers  notorious  for  cold,  viz.  1862  and  1879,  are  the  two 
healthiest  summers  in  the  list.  The  hottest  summer,  1868,  is  also  the  most 
unhealthy  but  one.  Marked  instances  of  the  rule  occur  in  1868, 1867, 1868, 
1878,  1879,  1884,  1888,  1891,  1892,  and  1898,  each  of  these  being  an 
exceptional  summer  accompanied  by  an  exceptional  death  rate. 

Every  hot  summer  in  the  list  has  a  death  rate  exceeding  the  average,  and 
every  cold  summer,  excepting  1682,  has  a  death  rate  below  the  average. 
There  are  no  actual  exceptions  to  the  rule,  but  two  partial  ones,  viz.  the 
healthy  summer  1881  occurring  with  an  average  temperature,  and  the  cold 
summer  of  1882  occurring  with  a  -f  death  rate. 

The  excessive  mortality  in  a  hot  summer  is  partly  caused  by  the  deaths  by 
diarrhoea  of  children  under  6  years  of  age,  but  even  if  all  returns  from  this 
disease  were  excluded  the  rule  given  above  would  hold. 

It  does  not  seem  possible  to  deduce  from  the  figures  even  the  semblance  of 
any  relation  between  the  two  quantities  for  the  spring  and  autumn  quarters. 

The  conclusions  reached  so  far  being  contrary  to  the  general  opinion  on  tl.e 
subject,  it  may  be  well  to  examine  the  figures  more  in  detail. 

In  the  winter  quarter  there  are  only  two  years  in  which  neither  quantity 
departs  by  less  than  1*0  from  the  average.  There  are  eleven  years  in  which 
one  quantity  is  within  '5  of  the  average  and  the  other  more  than  1*0  away 
from  it.  There  are  19  years  in  which  both  quantities  differ  from  the  average  by 
more  than  '6.  Out  of  these  19  years  12  are  favourable  to  the  idea  that  a 
cold  winter  is  unhealthy,  and  7  are  opposed  to  it. 

In  the  summer  quarter  the  corresponding  numbers  are  10,  8,  and  17. 
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Out  of  the  15,  14  show  that  a  cold  Bummer  is  healthy  and  a  hot  one  unhealthy 
and  1  only  is  unfavourable  to  this  view. 

These  results  are  very  plainly  shown  in  figs.  1  and  2,  in  which  the  quarters 
have  been  arranged  in  descending  order  of  temperature.  A  distance  of 
one-tenth  of  an  inch  above  the  line  indicates  a  temperature  of  1°  above  the 
average,  and  also  a  death  rate  of  1  per  annum  per  thousand  above  the  mean 
for  the  corresponding  quarter. 

A  glance  at  the  winter  diagram  shows  the  absence  of  any  relation  between 
the  temperature  and  the  death  rate.  The  mean  for  all  the  quarters  in  which 
the  temperature  was  1°  or  more  above  the  average,  is  only  0-24  below, 
the  quarters  in  which  the  temperature  differed  by  less  than  1°  from  the 
average,  i.c,  those  in  the  middle  of  the  diagram,  have  a  death  rate  of  +0*40, 
and  the  cold  winters  a  rate  of  +0'14,  a  better  value  than  that  of  the  average 
winters. 

The  summer  diagram  is  of  a  very  different  character.  The  hot  summers 
have  a  death  rate  of  +1*86,  the  average  summers  of  +0*13,  and  the  cold 
summers  of  — 1«28.  These  figures  mean  that  in  England  if  a  summer  be 
exceptionally  hot,  there  are  about  ten  thousand  more  deaths  than  usual,  and 
if  exceptionally  cold,  there  are  about  ten  thousand  less  deaths  than  usual. 

The  Weekly  Returns  show  plainly  that  extreme  cold  in  winter  and  extreme 
heat  in  summer  both  increase  the  death  rate  ;  while  the  figures  given  above 
show  that  continued  cold  or  warmth  in  winter  has  no  very  marked  effect 
either  way  ;  but  that  continued  heat  in  summer  is  most  prejudicial,  and  con- 
tinued cold  most  favourable  to  life. 

W INTER    QUARTER. 


Fio.  1. 

Since  the  lowest  death  rates  occur  in  May,  June,  and  October,  and  in 
England  the  winter  death  rate  is  much  above  the  summer  one,  it  has  been 
thought  that  a  temperature  of  60° — 65°  was  most  favourable  to  life,  and  that 
the  death  rate  increased  in' proportion  to  the  extent  to  which  the  temperature 
departed  from  this  value.  The  curves  given  by  Dr.  Buchan  for  New  York 
4q  liot  be^  this  out,  for  though  the  winter  temperature  there  is  10°  below 
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that  of  London  there  is  no  corresponding  increase  in  the  death  rate.  It 
mast  not  be  forgotten  that  the  difference  between  summer  and  winter  is  not 
only  one  of  temperature ;  indeed,  in  England  the  temperature  difference  is 
trifling  when  compared  with  that  of  other  countries ;  but  it  is  also  one  of  the 
duration  of  daylight. 

SUMMCft     QUARTER. 


FlO.  2. 

Absence  of  daylight  means  the  increased  use  of  artificial  light,  and  in  so 
far  as  the  contamination  of  the  air  is  concerned,  one  common  gas  burner  is 
equivalent  to  four  or  five  adults.  The  way  in  which  overcrowding  affects  the 
death  rate  is  well  known ;  and  there  can  be  little  doubt  that,  with  the  utter 
indifference  to  any  proper  ventilation  that  prevails,  most  of  our  population  live 
in  the  winter  in  air  that  is  greatly  overcharged  with  carbonic  acid.  This  is  a 
possible  explanation  of  the  higher  winter  death  rate,  although  it  may  per- 
haps be  due  to  the  direct  absence  of  sunlight.  The  question  is  a  most  im- 
portant one,  for  if  my  suggested  explanation  be  correct,  the  general  intro- 
duction of  good  ventilation,  or  the  use  of  the  electric  light  in  the  place  of  gas 
or  lamps,  would  greatly  reduce  the  rate,  whereas  if  the  high  rate  be  due  to 
temperature  or  the  absence  of  sunlight  owing  to  latitude,  it  is  clear  that  no 
human  agency  can  alter  it. 


DISCUSSION. 

Dr.  0.  T.  WiLLUMs,  in  a  communication  to  the  Secretary,  said:—'*  This  paper 
is  an  attempt  to  trace  a  connection  between  the  mean  quarterly  temperature 
and  the  death  rate,  as  based  on  the  Begistrar-General's  returns  for  82  years, 
and  di^lays  much  ingenuity  of  thought,  but  not  very  reliable  conclusions;  for 
how  can  we  judge  of  the  effect  of  heat  or  cold  without  taking  into  consideration 
moisture,  wind,  and  other  elements  ?  Again,  the  death  rate  must  be  analysed 
before  any  conclusions  as  to  its  connection  with' the  weather  can  be  drawn; 
for  the  outbreak  of  some  epidemics  of  a  purely  contagious  character  will  take 
place  in  any  condition  of  the  atmosphere  and  cause  a  high  mortality,  which 
should  not  be  referred  to  the  temperature  of  the  air." 

Dr.  B.  Barnes  said  that  his  experience  of  statistics  of  mortality  had  led  him 
to  the  conclusion  that  unless  such  figures  were  very  carefully  analysed,  fiJlaoious 
results  were  likely  to  be  obtained.    There  were  many  other  considerations  bo« 
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sides  that  of  temperature  which  exercised  a  disturbing  effect  on  the  death  rate, 
and  it  was  necessary  to  take  such  into  account  when  discussing  the  connection 
between  weather  and  mortality.  Sunshine  was  an  important  factor  in  the  pre- 
servation of  health,  and  he  was  in  the  habit  of  advising  his  patients  to  "  take 
as  much  sunshine  as  they  could  get."  In  the  winter  months  the  amount  of 
outdoor  exercise  was  considerably  curtailed  by  reason  of  inclement  weather, 
and  there  were  many  conditions  during  that  season  of  the  year  which  served  to 
make  the  winter  more  unfavourable  to  health  than  the  smnmer.  He  called 
attention  to  the  papers  of  Dr.  Buchan  and  Mr.  Latham  as  especially  valuable  in 
this  relation. 

JDr.  A.  Buchan  said  that,  considering  the  paucity  of  data,  considerable  in- 
genuity had  been  shown  in  the  manner  m  which  the  material  had  been  handled. 
It  was  probable  that  much  better  results  would  have  been  obtained  if  the  deaths 
from  the  various  diseases  had  been  dealt  with.  A  hot  summer  was  always 
attended  with  an  excess  of  deaths  from  diarrhoea  and  bowel  complaints,  but  a 
great  deal  of  winter  mortality  w&s  due  to  sudden  changes  of  weather  and  indis- 
cretion in  the  matter  of  changing  and  putting  ofif  garments.  The  most  unhealthy 
winter  weather  was  usually  when  the  temperature  ranged  between  82°  and  4(r, 
the  climatic  conditions  being  of  that  description  usually  spoken  of  as  "  raw," 
and  giving  rise  to  affections  of  the  throat.  When  the  weather  was  dry  and 
frosty  with  a  low  temperature,  good  health  generally  prevailed,  the  sharpness  of 
the  cold  serving  to  stimulate  the  body  and  impart  a  generally  healthy  tone.  It 
would  have  been  a  better  plan  for  Mr.  Dines  to  have  made  the  temperature 
quarters  and  the  death  rate  quarters  synchronous,  instead  of  commencing  the 
temperature  period  a  month  earlier  than  the  death  rate  period.  The  proverb 
that  "  a  green  yuletide  makes  a  fat  kirkyard  "  appeared  to  be  intended  to  apply 
to  those  seasons  when  the  weather  previous  to  Ghnstmas  had  been  mild,  as  such 
weather  was  frequently  followed  by  a  sudden  change  to  cold  early  in  the  ensuing 
year,  and  a  large  morteJity  usually  resulted  from  the  advent  of  sudden  cold 
after  a  warm  period.  Hot  weather  in  summer  was  most  fatal  to  young  chil- 
dren and  old  people,  but  the  outdoor  life  possible  in  the  summer  season  tended 
to  increase  health. 

Mr.  F.  J.  Bbodie  said  that  there  was  no  one  who  had  at  all  studied  the  sub- 
ject of  the  connection  between  weather  and  health  but  would  agree  that  a  mild 
winter  and  a  cool  sunmier  were  the  best  from  a  hygienic  point  of  view,  and  that 
as  a  general  rule  the  most  "unseasonable"  seasons  were  the  most  healthy. 
But  while  the  conclusions  which  Mr.  Dines  had  arrived  at  were  correct,  the 
method  of  dealing  with  the  statistics  embodied  in  the  paper  was  not  quite  satis- 
factory. For  instance,  the  average  quarterly  temperature  at  Greenwich  was 
compared  with  the  average  quarterly  death  rate  for  the  whole  of  England,  but 
it  was  well  known  that  the  temperature  of  a  season  over  even  so  small  an  area 
as  England  varied  greatly  in  different  localities.  During  the  winter  which  had 
just  ended  (December  1898  to  February  1894)  the  temperature  in  England  BW, 
as  given  in  the  Weekly  fVeaiher  Report  published  by  the  Meteorological  Office, 
was  0°'l  below  the  average,  but  in  England  S  it  was  0°"7  above  tne  average, 
and  in  England  NW,  the  temperature  exceeded  the  average  by  as  much  as  1°'5; 
so  that  to  take  the  temperature  at  one  place  and  compare  it  with  the  death  rate 
for  the  whole  of  England  was  an  objectionable  method.  It  was  to  be  regretted, 
too,  that  the  quarterly  averages  of  temperature  and  mortality  were  for  cQfferent 
periods.  He  (Mr.  Brodie)  had  tabulated  statistics  of  the  death  rate  and  tern- 
peratiire  in  London  for  several  years  past,  and  found  that,  owing  to  the  different 
methods  of  working,  there  were  considerable  discrepancies  between  his  own 
results  and  those  given  in  the  paper.  In  several  cases  a  season  which  was  said 
to  be  healthy  or  unhealthy  over  England  generally  was  the  verv  reverse  in  the 
metropolis,  the  locality  from  which  Mr.  Dines  had  derived  his  temperature 
values.  A  striking  instance  of  this  occurred  in  the  winter  of  1890-91.  In  the 
paper  this  is  quoted  as  a  winter  with  an  average  death  rate,  but  in  London  the 
total  mortality  was  8  per  cent,  above  the  average,  while  the  deaths  from  diseases 
of  the  i-espiratory  system  were  as  much  as  88  per  cent,  above  the  average. 
There  was  at  the  time-  no  epidemic  of  influenza,  and  the  unhealthiness  of  we 
season  might  therefore  £Bkirly  be  attributed  to  the  persistent  low  temperatures 
and  to  the  undue  prevalence  of  fog. 

Dr.  W.  Mabcet  said  that  he  agreed  with  Mr.  Brodie  in  his  objection  to  Uio 
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average  temperature  of  Greenwich  being  compared  with  the  death  rate  of  the 
whole  of  England,  as  there  were  often  great  variations  in  the  weather  in  even 
one  season  over  different  parts  of  the  country.  During  the  winter  of  1890-91 
the  weather  was  very  severe  in  the  south  of  England,  and  the  cold  was  pro- 
longed over  several  weeks,  but  in  Scotland  he  believed  the  weather  was  wetter 
and  warmer  than  the  average.  There  was  no  doubt  that  very  cold  weather 
killed  a  number  of  old  people,  and  that  extremes  of  temperature  increased  the 
death  rate.  It  would  be  interesting  to  know,  in  view  of  Dr.  Nanssen's  expedition 
to  the  North  Pole,  what  the  effect  of  a  term  of  years  spent  in  Arctic  tempera- 
tures would  be  upon  the  human  body.  He  heard  it  stated  by  the  monks  at  ^e 
Hospice  on  Great  St.  Bernard  (8,000  feet  above  the  sea),  who  were  all  young 
men  of  strong  constitution,  and  selected  as  best  fitted  to  endure  the  rigorous 
climate,  that  most  of  them  suffered  in  health  after  living  a  year  on  the 
mountain,  and  after  two  or  three  years'  stay  were  unable  to  remain  any  longer. 

Mr.  G.  J.  Symons  said  that  in  comparing  death  rate  and  temperature  he  did 
not  think  it  was  desirable  to  adopt  identical  months,  as  there  must  be  some 
interval  between  the  weather  influence  and  the  entry  of  the  deaths  ensuing  from 
it.  Moreover,  Mr.  Dines  had  evidently  taken  identical  quarters  as  well  as  the 
meteorological  quarters,  as  he  says,  "  It  may  be  added,  that  had  the  civil  instead 
of  the  seasonal  quarter  been  taken,  the  results  would  have  been  substantially  the 
some.'* 

Mr.  W.  H.  Dines,  in  reply,  said  that  his  only  knowledge  of  the  subject  was 
contained  in  the  table  he  had  given,  and  in  the  deductions  that  might  fairly  be 
drai^-n  from  it.  With  reference  to  Dr.  Williams*  and  Dr.  Barnes'  remarks  as  to 
sunshine  and  moisture,  he  did  not  think  that  moisture,  considered  simply  as  the 
amount  of  rainfj&ll,  made  much  difference;  and  he  believed  that  others  who  had 
worked  at  the  subject  had  come  to  the  same  conclusion.  With  regard  to  sun- 
shine, he  had  no  figures  showin^^  its  prevalence  since  1862;  but  it  would  require 
very  strong  evidence  to  make  lum  suppose  that  sunshine  could  be  anything  but 
favourable  in  the  winter.  It  was  different  in  the  summer ;  and  if  it  was  then 
healthy,  its  effect  was  completely  overmastered  by  the  accompanying  heat. 
Thus  the  dull,  gloomy  summers  of  1879  and  1888  had  been  very  healthy,  but 
the  almost  uninterrupted  sunshine  of  1868, 1884  and  1898  had  given  the  three 
highest  death  rates  in  the  Ust.  With  reference  to  epidemics,  he  thought  that 
they  were  seldom  widespread  enough  to  greatly  influence  the  returns  firom  a 
population  of  25  millions,  and  that  the  few  instances  in  which  they  had  done  so 
were  unimportant,  when  taken  in  connection  with  a  period  of  82  years.  He 
thought  that  Dr.  Buchan's  remark  that  a  temperature  between  82°  and  40^ 
was  the  worst  to  be  very  probable,  and)  further  investi^tion  might  show  that 
this  explained  the  figures  for  the  winter  months.  Certamly  it  applied  to  1891, 
in  which  the  unusual  phenomenon  of  some  six  weeks  with  a  temperature  below 
82°  had  occurred.  He  agreed  with  Mr.  Brodie  in  thinking  that  the  more  un* 
seasonable  the  weather  the  more  healthy,  if  unseasonable  meant  a  mild 
winter  and  a  cold  summer.  He  had  taken  the  Greenwich  temperatures  because 
they  were  so  easily  obtained;  no  doubt  the  differences  from  the  average  at 
Greenwich  were  not  always  the  same  as  the  differences  in  other  districts,  but  on 
the  whole  he  thought  they  were  &irly  representative  of  England,  excluding  of 
course  Scotland  and  Ireland.  He  had  taken  the  whole  country,  and  not  London 
only,  for  the  death  rate,  because  accidental  variations,  due  to  a  local  epidemic, 
or  a  period  of  London  fog,  for  example,  would  be  more  likely  to  be  eliminated. 
As  a  general  rule  the  town  and  country  death  rate  rose  and  fell  together, 
although  Mr.  Brodie  had  instanced  one  case,  namely  the  summer  of  1882,  in 
which  they  did  not  do  so.  His  plan  of  taking  different  periods  had  been 
criticised;  but,  as  Mr.  Symons  had  pointed  out,  he  (Mr.  Dines)  had  taken 
the  trouble  to  ascertain  that  the  conclusions  reached  would  have  been  the  same 
if  the  other  plan  had  been  adopted.  He  had,  when  preparing  the  paper,  been 
in  considerable  doubt  on  the  point,  but  had  been  chiefly  mfluenced  by  the 
returns  relating  to  diarrhoea.  Mr.  Symons  had  given  another  reason,  which 
had  not  previously  occurred  to  him.  In  conclusion,  he  said  that  he  thought 
that  the  death  rate  curve  for  the  winter  quarter  appeared  to  have  no  connection 
with  the  temperature  cnrve,  but  that  the  steady  slope  of  the  summer  curve 
from  left  to  right  showed  plainly  the  deleterious  effeots  of  heat  and  the  benefioial 
effects  of  cold. 


Digitized  by 


Google 


180  DINKS — DUR^f ION  ANb  LATEBAL  EXfENT  OF  OtSTS  OF  WiMi). 

On  the  Duration  and  Lateral  Extent  of  Gusts  of  Wind 
and  the  Measurement  of  their  Intensity. 

By  W.  H.  dines    B.A.,  F.R.Met.Soc. 


[Received  February  21  at.— Bead  Hazch  2l8t,  1894.] 

Th£  Boyal  Commission  appointed  to  inquire  into  the  Tay  Bridge  disaster 
recommended  that  in  similar  strnctores  allowance  for  an  extreme  wind 
pressure  of  56  pounds  per  square  foot  should  he  made.  This  estimate  seems 
to  have  heen  hased  on  the  automatic  records  of  the  pressure  given  hy  the 
Osier  pressure  plate  at  various  observatories,  but  it  is  thought  by  some 
engineers,  who  are  well  qualified  to  form  an  opinion,  that  such  high  pres- 
sures as  56  lbs.  per  square  foot  do  not  occur  in  England.  As  a  matter  of 
fact  much  higher  pressures  have  been  recorded,  and  the  whole  question 
reduces  itself  to  this  :  How  much  reliance  can  be  placed  on  the  correctness 
of  the  instruments  ? 

In  my  opinion  the  attempt  to  obtain  a  record  of  the  mean  pressure  and 
also  of  the  maximum  pressure  by  the  same  instrument  is  hopelesSi  and 


I  now  proceed  to  give  an  account  of  some  experiments  and  observations 
which  show  that  the  maximum  pressure  given  by  the  ordinary  spring  plate 
depends  far  more  upon  what  may  be  called  the  *'  personal  equation  **  of  the 
instrument  than  upon  the  force  of  the  wind. 

An  extremely  light  pulley,  J,  was  fastened  to  the  end  of  the  cord  coining 
from  a  foot  circular  pressure  plate.  A  string,  BB,  was  placed  over  the 
pulley,  the  ends  of  which  were  fastened  to  two  exactly  similar  springs,  CC» 
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The  springs  were  formed  of  tempered  steel,  of  about  i  by  f  section,  and 
1  foot  long,  one  end  of  each  being  rigidly  fixed.  One  spring  was  loaded  at 
the  moveable  end  by  a  21b.  weight,  W, 

The  maximum  deflexion  of  each  spring  was  recorded  by  tying  a  piece  of 
cotton  to  the  free  end,  passing  it  under  a  staple,  D,  and  attaching  a  light 
aluminium  index,  E,  to  the  other  end.  On  raising  the  spring  the  index  is 
drawn  over  a  horizontal  scale,  and  it,  of  course,  does  not  return  when  the 
spring  is  released.  The  scales  were  made  by  applying  definite  weights  and 
noting  the  position  to  which  the  indices  were  drawn.  They  were  found  to 
be  exactly  alike,  and  were  carefully  checked  firom  time  to  time. 

From  the  form  of  this  apparatus  it  is  clear  that  a  force  applied  with  any 
approach  to  steadiness  must  give  the  same  result  upon  both  scales.  The 
actual  results  obtained  from  observations  made  during  the  past  winter  are 
shown  in  Table  I.,  the  first  column  giving  the  value  from  the  loaded  spring 
and  the  second  column  the  simultaneous  value  from  the  unloaded  spring. 

A  glance  at  these  figures  shows  how  greatly  the  momentum  of  a  pressure 
plate  influences  the  maximum  pressure  which  it  records.  It  can  be  shown 
mathematically,  or  by  direct  trial  upon  the  apparatus,  that  a  sudden  jerk, 
the  force  not  being  sustained  even  for  an  instant,  causes  the  unloaded  spring 
to  give  the  higher  value ;  but  that  a  jerk,  the  force  being  sustained  even  for 
a  second,  causes  the  loaded  spring  to  give  the  higher  value. 

Neglecting  the  ''  moment  of  inertia"  and  friction  of  the  pulley,  we  see 
from  elementary  mechanical  principles  that  the  forces  applied  to  each  spring 
are  always  equal ;  yet  the  differences  of  the  deflexions  produced  are  some- 
times as  great  as  60  per  cent. 

It  would  appear  firom  the  figures  in  Table  I.  that  the  heavier  a  plate  is  the 
more  likely  it  will  be  to  give  too  high  a  value,  for  as  a  rule  the  loaded  spring 
shows  an  excess  over  the  unloaded. 

It  is  also  worthy  of  note  that  the  weight  attached  to  the  spring  produced 
quite  a  dent  in  the  wooden  frame  of  the  apparatus  at  H  by  hammering 
against  it;  although  it  required  a  downward  force  of  1  lb.,  equivalent  to  a 
negative  pressure  of  2  lbs.  on  the  plate,  to  make  it  touch  the  wood.  A 
thrust  cannot  be  transmitted  through  a  flexible  cord,  hence  the  dent  could 
only  be  caused  by  the  oscillation  of  the  spring ;  and  if  it  often  swung  below 
its  zero  position,  it  follows  inevitably  that  it  must  often  also  have  gone  the 
same  distance  too  far  on  the  other  side. 

It  is  possible  that  the  aluminium  indices  were  sometimes  jerked  into  a 
position  not  warranted  by  the  deflexion  of  the  spring,  but  this  would  be  more 
likely  to  happen  with  the  one  in  connection  with  the  unloaded  spring  than 
with  the  other.  If  so,  it  still  more  confirms  my  opinion  as  to  the  unrelia- 
bility of  the  records.  It  is  very  probable  that  this  jerking  of  the  pen  and 
pen  carriage  is  the  true  explanation  of  the  enormous  pressures  that  are 
recorded.  It  is  remarkable  that  Bidston  Observatory  is  famous  for  high 
pressures,  and,  if  the  traces  given  in  the  Tay  Bridge  report  are  exact  copies, 
the  scale  at  Bidston  is  the  shortest,  and  consequently,  if  the  pencil  is  jerked 
an  inch  or  so  too  high,  it  will  have  more  effect  on  the  record  there  than 
elsewhere. 
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The  difficulty  of  measuring  a  rapidly  varying  quantity  is  not  confined  to 
meteorology,  but  in  other  branches  of  science  the  instruments  used  for  this 
purpose  are  designed  so  that  they  may  be  adapted  for  the  work  they  have  to  do. 
The  indicator  diagram  of  a  steam  engine,  for  example,  would  not,  I  imagine, 
be  of  much  value  if  the  diagram  were  drawn  by  an  apparatus  similar  to  the 
ordinary  recording  pressure  plate :  yet  the  variations  of  wind  force  seem 
to  be  almost  as  rapid  as  the  variations  of  the  steam  pressure  in  the  cylinder 
of  a  steam  engme. 

I  think  that  the  momentum  of  the  plate  itself  often  adds  80  to  50  per 
cent,  to  the  real  pressure,  and  that  the  sudden  jerk  transmitted  through  the 
chain  or  wire  often  brings  the  pen  or  pencil  another  60  per  cent,  above  its 
proper  place.  Mr.  Ellis  has  told  us  how  substituting  a  flexible  chain  for  a 
wire  reduced  the  Greenwich  pressure,  and  it  is  not  unreasonable  to  suppose 
that  if  the  chain  also  had  been  done  away  with,  and  the  clock  and  drum 
placed  close  behind  the  plate,  a  still  greater  reduction  might  have  occurred. 

The  pressure  plate  is  a  most  useful  anemometer  and  gives  most  interesting 
results,  including  a  perfectly  accurate  mean  pressure.  If  it  were  provided 
with  a  rack  and  catch,  so  that  it  could  not  oscillate,  but  once  driven  back 
by  the  wind  could  not  return  until  set  by  the  observer,  the  record  of  the 
mean  would  be  lost,  but  the  record  of  the  maximum  would  be  reliable. 
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136 

§•? 

^"2 

124 

8-8 

6-2 

142 

4-2 

4"4 

95 

8-8 

4-8 

184 

XO'O 

7-6 

13^ 

6-1 

5"o 

122 

176 

8-6 

204 

8'o 

70 

"4 

'f' 

8-5 

165 

5-8 

4*4 

X32 

4-8 

5-2 

92 

180 

X50 

120 

6-0 

4-6 

130 

4-8 

40 

Z20 

70 

5-2 

135 

3-8 

2-8 

136 

4-8 

5-2 

92 

70 

9-6 

73 

XO'O 

1 1*2 

89 

The  preceding  results  give  no  information  as  to  the  duration  of  the  gnsts^ 
but  only  show  the  great  suddenness  of  the  variations.  For  this  purpose  the 
tube  anemometer  has  been  used.  This  instrument  has  been  described 
before,^  and  the  description  need  not  be  repeated.  The  maximum  recorded 
depends  just  as  much  on  the  particular  instrument  as  it  does  with  the 
pressure  plate,  but  by  contracting  the  tube  which  holds  the  liquid,  or  either 
of  the  pipes  which  transmit  the  pressure  from  the  head,  it  can  be  damped  in 
a  very  convenient  way. 

i  Quarterly  J^tmat,  Vol  XYIIL,  p*  168,  and  Vol  XIX.,  p.  17. 
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Two  similar  glass  tubes  were  ol)tained  and  bent  to  exactly  the  same  curve. 
They  were  partly  filled  with  coloured  paraffin  oil  and  fixed  on  a  frame  side  by 
side  touching  each  other,  with  a  velocity  scale  underneath.  The  ends  of  the 
tubes  being  connected  with  the  head  of  the  anemometer,  the  two  columns  of 
coloured  oil  moved  up  and  down  together,  registering  exactly  the  same 
maximum  velocity  for  each  gust  of  wind.  A  piece  of  tube  of  ^  in.  bore 
and  about  8  inches  long  was  then  inserted  between  one  tube  and  the  head, 
the  other  being  left  as  before.  The  maxima  recorded  for  the  same  gust  by 
these  two  tubes  are  given  in  Table  11. 

TABLE  II.— Maximum  Yblocitxbs  ileqistsbxd  by  Open  and  Contbactbd  Glass  Tubbs 

WORKED  BY  THE  SAMB  HEAD. 
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A  large  number  of  observations  have  been  made,  and  they  all  present 
differences  similar  to  those  given  in  the  table,  which  have  been  taken  just  as 
they  came  and  not  selected  in  any  way. 

I  really  used  five  tubes,  but  since  it  soon  appeared  that  the  maTim^Tn 
registered  was  strictly  proportional  to  the  amount  of  damping  brought 
into  play,  the  observations  from  the  intermediate  tubes  were  discontinued* 
The  figures  given  refer  to  the  two  extremes. 

It  was  found  by  experiment  that  the  sudden  application  of  a  pressure 
corresponding  to  40  miles  per  hour,  the  tubes  then  indicating  zero  velocity, 
produced  the  following  effects: — 

The  liquid  in  the  open  tube  rose  to  48 — 44,  owing  chiefly  to  its  momen- 
tum, but  partly  because  some  little  of  it  remained  sticking  to  the  glass, 
there  not  being  time  for  it  to  settle  to  its  true  level.  The  liquid  in  the 
damped  tube  rose  steadily,  it  never  exceeded  the  40  miles  per  hour,  but 
took  from  five  to  six  seconds  to  reach  that  value. 

We  do  not  know  how  the  gusts  rise,  so  we  cannot  imitate  them  artificially, 
but  during  a  gale  in  which  the  maximum  velocity,  as  registered  by  the  open 
tube,  is  about  60,  the  minimum  will  not  as  a  rule  fall  below  20. 

The  motion  of  the  liquid  during  such  a  gaJe,  which  has  occurred  twice  this 
winter,  viz.  on  December  12th  and  February  11th,  is  most  interesting.  It 
consists  of  a  perpetual  oscillation  between  the  limits  of  about  80  and  50, 
sometimes  rising  and  falling  steadily,  and  sometimes  by  sudden  jerks.    So 
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far  as  I  have  observed,  however,  an  upward  jerk  is  hardly  ever  followed 
instantly  by  a  downward  jerk. 

It  appears  from  Table  II.  that  the  extreme  force  of  the  wind  is  hardly  ever 
maintained  steadily  for  so  long  as  five  seconds.  If  it  were  the  two  tubes 
would  give  maxima  much  nearer  together.  Also  since  the  damped  tube 
never  falls  so  low  as  the  other,  it  has  not  so  far  to  rise,  and  would  not  take 
nearly  five  seconds  to  reach  its  maximum ;  hence  I  am  inclined  to  think  that 
a  gust  seldom  maintains  its  full  force  for  more  than  one  or  two  seconds. 

It  must  be  remembered  that  in  Table  I.  pressures  are  given,  and  velocities 
in  Table  II.  Since  the  pressure  varies  as  the  square  of  the  velocity,  the 
percentage  difference  of  the  pressure  deduced  from  Table  II.  will  always  be 
more  than  double  the  percentage  difference  of  the  velocities. 

The  same  two  glass  indicating  tubes  were  used  to  determine  as  far  as 
possible  the  lateral  extent  of  the  gusts.  Neither  of  them  was  damped,  and 
they  were  connected  with  two  separate  but  exactly  similar  anemometers, 
placed  at  the  same  height,  viz.  18  ft.,  but  11  ft.  apart,  over  the  top  of  my 
house. 

The  maxirira  given  by  the  tubes  for  the  same  gust  are  shown  in  Table  IH. 

TABLE  III.— Maximum  VELoaTiES  beoistered  by  two  Tube  Anemombiebb  placed 
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It  will  be  seen  from  the  figures  that  even  at  so  short  a  distance  as  11  ft. 
apart  the  extreme  force  exerted  is  sometimes  very  different,  but  this  is  more 
fully  borne  out  by  direct  observation  of  the  instruments  during  a  strong 
wind.  It  is  perfectly  apparent  that  the  gusts  often,  in  fact  generally,  strike 
the  heads  of  the  anemometers  at  different  instants,  and  it  often  happens  that 
the  liquid  in  one  tube  is  rising  while  that  in  the  other  is  falling. 

The  tubes  were  interchanged  several  times,  but  the  exact  similarity  of  the 
two  instruments,  and  the  fact  that  sometimes  one  and  sometimes  the  other 
gives  the  actual  maximum,  shows  that  the  differences  could  not  possibly  be 
due  to  the  instruments,  but  must  be  a  real  phenomenon. 

One  anemometer  was  south-east  of  the  other,  and  the  differences  are 
always  greatest  with  a  South-west  or  North-east  wind,  in  fact  with  a  South- 
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east  wind  the  two  columns  of  liquid  often  move  together  as  though  they 
were  rigidly  connected.  From  this  I  gather  that  the  extreme  velocity  mostly 
occurs  in  lines  which  are  roughly  parallel  to  the  direction  of  the  wind. 

It  would  he  very  interesting  to  carry  this  investigation  further,  hut  the 
conditions  of  exposure  do  not  render  it  possihle  for  me  to  do  so  at  Oxshott. 
It  is  apparent  to  any  one  who  carefully  watches  the  motion  of  the  trees  in  a 
gale  that  the  gusts  are  of  no  great  extent  laterally.  It  is  impossible  to 
indentify  the  gusts  that  pass  over  a  prominent  poplar  tree  about  800  yards 
from  any  sitting  room  window  with  those  that  agitate  the  nearer  trees. 

I  am  quite  aware  that  at  an  exposed  coast  station  the  wind  is  not  so  gusty 
as  it  is  inland,  but  the  traces  given  by  the  bridled  anemometer  at  Holyhead 
certainly  do  not  lead  to  the  conclusion  that  it  is  at  all  steady  even  there. 
In  this  anemometer  there  is  no  chain  or  wire,  the  pencil  being  rigidly  con- 
nected with  the  cups  to  which  the  wind  pressure  is  applied.  As  a  result, 
velocities  which  give  a  pressure  exceeding  80  lbs.  per  square  foot  are  ex- 
tremely rare,  although  the  recent  gale  in  this  neighbourhood,  which  gave  a 
pressure  of  87  lbs.  at  Greenwich,  would  probably  by  comparison  have  been 
but  a  gentle  breeze  to  the  gale  of  November  18th- 10th,  1898,  at  Holyhead. 

The  late  Mr.  Hawksley,  at  one  time  President  of  the  Institution  of  Civil 
Engineers,  is  stated  to  have  said  that  **  the  instruments  at  present  in  use  are 
little  better  than  philosophical  toys,  and  that  in  general  they  afford  no  direct 
comparable  or  reliable  indications  of  either  velocities  or  pressures. "^  So  far 
as  velocities  are' concerned,  I  hope  this  is  not  true  now,  although  we  still 
print  all  our  records  of  velocity  without  comment,  knowing  the  amount  given 
is  some  80  per  cent,  too  high  ;  but  so  far  as  records  of  maximum  pressure 
are  concerned,  I  do  not  myself  think  they  are  worth  more  than  the  paper  on 
which  they  are  printed. 


DISCUSSION. 

Mr.  W.  AiBY  said  that  he  so  entirely  agreed  with  Mr.  Dines's  conclusions 
that  he  had  no  criticism  to  offer  upon  the  paper.  He  was  fiilly  in  accord  with 
Mr.  Dines's  statement  that  "  the  attempt  to  obtain  a  record  of  the  mean  pres- 
sure and  also  of  the  maximum  pressure  by  the  same  instrument  is  hopeless.** 
The  maximum  pressures  recorded  by  the  Osier  pressure  plate  were  too  great, 
although  no  doubt  the  instrument  recorded  the  mean  pressure  accurately.  But 
while  the  mean  pressure  was  of  some  value,  the  maximum  pressures  were  the 
most  important  and  useful,  as  it  was  those  which  caused  damage  to  structures. 
He  had  noticed  that  the  Osier  pressure  plate  never  really  faced  the  wind  when 
struck  by  a  gust,  the  gust  appearing  to  have  the  effect  of  making  it  oscillate 
sideways,  so  that  the  fiill  force  of  the  wind  did  not  act  upon  the  plate.  Sir  John 
Fowler  had  deputed  to  him  the  arrangement  of  the  anemometers  for  the  Forth 
Bridge  experiments,  and  he  erected  two  anemometers,  one  fixed  with  its  front 
in  the  direction  from  which  the  strongest  winds  usually  came  (a  little  South  of 
West),  and  the  other  moved  by  a  vane.  He  predicted  that  the  greatest  pressure 
would  be  recorded  by  the  fixed  anemometer,  and  the  results  fully  bore  out  his 
expectations.  In  connection  with  the  Forth  Bridge  it  was  important  to  test  the 
lateral  extent  of  gusts,  and  for  this  purpose  a  large  pressure  plate  20  feet  by 
15  feet  was  constructed.  It  being  too  heavy  and  awkward  a  thing  to  attach  to 
a  vane,  it  was  fixed  in  a  similar  position  to  that  of  the  small  fixed  anemometer 

»  QuarUrly  Journal^  Vol.  VIII.,  page  29. 
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and  he  believed  it  was  fonnd  that  the  mazimnm  pressnres  per  square  foot  on 
this  800  feet  area  were  about  two-thirds  of  those  registered  by  the  small  plates. 
It  would  be  interesting  if  Sir  John  Fowler  would  publish  the  results  of  the  ob- 
servations that  were  made  with  these  pressure  plates.  The  lateral  extent  of 
wind  gusts  was  an  important  factor,  and  one  that  it  was  desirable  to  know  in 
order  to  ascertain  the  amount  of  pressure  exerted  over  a  large  area  of  ironwork, 
such  as  the  Forth  Bridge ;  but  the  sea  appeared  to  be  the  only  suitable  place 
for  making  such  observations.  Some  interesting  particulars  bearing  on  this 
point  were  given  by  Capt.  Watson  in  a  letter  which  he  (Mr.  Airy)  had  received 
when  Secretary  of  the  Tay  Bridge  Commission.  Regarding  the  duration  of 
gusts,  he  (Mr.  Airy)  had  never  observed  a  violent  gust  which  maintained  its 
maximum  pressure  for  so  long  a  time  as  one  second. 

Mr.  B.  K.  CuBTiB  said  that  Mr.  Dines  had  again  referred  to  what  was  without 
doubt  a  grave  fault  in  Osier's  pressure  plate  anemometer,  namely,  the  tendency 
of  the  momentum  of  the  plate  to  exaggerate  the  record;  but  he  thought  a  still 
more  serious,  because  at  present  still  less  understood,  drawback  to  the  instru- 
ment lay  in  the  feict  that  it  was  impossible  to  compare  inter  se  the  records  of 
instruments  which  differed  as  to  size  and  shape  of  plate.  Experiments  which 
he  had  himself  made  with  plates  of  different  areas  and  shapes  showed  that  the 
stream  lines  on  their  surfisbces  varied  very  greatly  with  changes  in  both  directions, 
and  from  these  and  other  £ftcts  he  conduded  that  the  pressure  per  unit  of  sur- 
face must  certainly  be  less  on  large  than  on  small  plates.  This  &ct,  combined  with 
the  errors  due  to  momentum,  and — ^in  some  cases  at  any  rate— others  due  to 
arrangements  adopted  for  conveying  the  movement  of  the  plate  to  the  pencil, 
made  the  records  from  this  form  of  instrument  imreliable.  With  reference  to  the 
lateral  extent  of  gusts,  he  could  not  agree  entirely  with  Mr.  Dines's  conclusions. 
It  was  very  evident  that  in  the  neighbourhood  of  trees  and  houses  the  currents 
of  air  must  become  much  broken  up,  and  under  such  conditions  they  would  be 
very  different  from  what  they  would  be  at  sea,  or  on  a  perfectly  open  plair. 
Mr.  Dines's  vanes  were  placed  upon  the  roof  of  a  house,  with  gables  and  a  roof 
which  sloped  from  the  walls  up  to  a  flat  top,  and  the  country  round  is  undula- 
lating  and  well  wooded ;  under  such  conditions  eddies  would  be  numerous  and 
inevitable,  and  it  would  be  impossible  to  predict  their  character  or  extent. 
Anyone  watching  squalls  travelling  over  the  surface  of  the  sea  or  of  a  large 
sheet  of  water,  would  notice  that  while  they  generally  cover  a  considerable  ex- 
tent of  surfjEtce,  in  some  cases  they  are  very  extensive  indeed.  Then,  with 
respect  to  the  duration  of  gusts,  he  was  also  unable  to  endorse  what  had  been 
said  by  Mr.  Dines  and  Mr.  Airy.  It  was  a  point  to  which  he  had  given  a  great 
deal  of  attention  for  many  years,  and  lately  he  had  spent  a  good  many  hours 
by  the  side  of  Mr.  Dines*s  pressure  tube  anemometer,  watclung  the  action  of 
the  ]^n  in  squalls  of  wind.  That  instrument  entirely  confirmed  what  he  had 
previously  observed,  namely,  that  gusts  of  wind  rarely  come  on  with  their  full 
force  all  at  once,  but  by  a  succession  of  steps  or  pulses,  and  he  had  certainly 
often  noticed  the  pen  to  remain  at  its  highest  point  for  longer  periods  than  had 
been  mentioned. 

Mr.  B.  W.  MuNRO  inquired  whether  Mr.  Airy  could  state  the  difference  in 
weight  per  square  foot  between  the  large  and  small  pressure  plates  used  at  the 
Forth  Bridge  Works. 

Mr.  W.  AiBT  said  that  he  was  unable  to  give  the  figures  asked  for  by  Mr. 
Munro  off  hand,  but  the  difference  was  considerable. 

Mr.  W.  H.  Dines,  in  reply,  said  that  he  considered  that  the  maximum  pres- 
sure was  the  most  important,  but  he  was  certain  that  it  could  not  be  obtained 
from  a  plate  that  was  free  to  oscillate.  He  had  found  that  in  certain  cases  the 
wind  pressure  was  greater  when  the  air  struck  the  plate  at  an  angle  than  when 
it  struck  it  perpendicularly,  and  this  might  perhaps  explain  why  Mr.  Airy  had 
sometimes  obtained  the  greatest  pressure  on  a  plate  which  could  not  turn  to  the 
wind.  His  experiments  had  also  shown  that  the  greater  the  plate  the  less 
proportionaUy  was  the  pressure  upon  it.  He  agreed  with  Mr.  Airy  in  thinking 
that  the  greatest  force  was  often  not  maintained  even  for  a  second,  but  it  did 
not  necessarily  follow  that  Mr.  Curtis  was  wrong  in  his  belief,  for  some  gusts 
might  not  last  for  a  second,  while  others  might  maintain  their  fuU  force  for 
five  seconds.  This  appeared  from  Table  II.,  which  gave  some  instances  of  close 
agreement  between  the  two  tubes,  thus  showing  that  the  gust  lasted  some  few 
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-seconds.  Beplying  to  Mr.  Curtis,  he  said  that  his  two  anemometers  were  18  ft. 
above  the  ridge  of  the  house,  and  he  was  inclined  to  think  that  they  were  high 
enough  to  be  free  from  eddies. 


ON  THE  CALCULATION  OF  PHOTOGRAPHIC  CLOUD 
MEASUREMENTS. 

By  Db.  K.  G.  OLSSON, 
Meteorologiska  Centralanstalien,  Stockhohn. 


[Beceived  December  27th,  1893.— Bead  March  2l8t,  1894.] 

In  consideration  of  the  importance  which  measurements  of  the  height  and 
motion  of  clouds  have  obtained  in  recent  times,  I  have,  at  the  request  of  Dr.  N. 
Ekhobn,  undertaken  to  develop  formulsB  adapted  to  the  computation  of  photo- 
graphic cloud  measurements.  Because,  with  observations  of  this  kind,  the 
photographic  plate  takes  up  so  vast  a  field  of  view,  that  approximative  formulaa 
giving  the  requisite  precision  cannot  be  used  except  for  those  parts  of  the 
image  near  to  the  optical  axis,  exact  formuloB  must  be  deduced  by  solving 
the  spherical  triangles  and  must  then  be  brought  into  a  form  convenient  for 
numerical  work.  In  the  first  place  formulae  will  be  given  for  measurements 
with  the  **  cloud  equatorial,"  described  by  Dr.  N.  Ekholm,^  and  then, 
shortly,  formulae  applicable  for  instruments  of  the  theodolite  type. 


Ti^.4. 


1.     Let  a  sphere  of  arbitrary  radius  (Fig.  1)  be  drawn  so  that  its  centre 
K  coincides  with  the  centre  of  the  photographic  object  glass,  and  let  a  tangent 

1  Quarterly  Journal.    Vol.  XIX.  p.  38. 
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plane  GHLM  of  this  sphere  be  drawn,  teaching  it  in  the  point  C,  where 
the  optical  axis  KC  meets  its  surface,  then  all  the  photographed  objects  will 
be  projected  in  this  tangent  plane.  Also,  provided  the  object  glass  be  good 
and  the  plate  exactly  perpendicular  to  the  optical  axis,  the  image  on  the 
photographic  plate  will  be  a  projection  perfectly  similar  to  the  former. 
Supposing  this  to  be  so,  let  POZ  represent  a  part  of  this  sphere,  P  being, 
the  point  where  the  axis  of  the  instrument,  when  produced,  meets  the  sur- 
hce  of  the  sphere,  the  "  pole ''  of  the  instrument  say,  and  KZ  the  vertical 
liue.  Let  A  be  the  point  in  the  tangent  plane,  the  spherical  coordinates  of 
which  are  to  be  determined,  and  F  the  point,  where  EA  meets  the  spherical 
surface,  then  the  arc  PF  =  a  and  the  spherical  angle  FPZ  =  8  are  the  co- 
ordinates sought.  I  suppose  a  to  be  reckoned  from  KP  upwards  from  QP 
to  180°,  and  8  from  0°  to  +90°  or  -90°  on  each  side  of  the  vertical  plane 
KPZ  of  the  instrument.  The  arc  PC  =  a'  say,  and  the  spherical  angle 
CPZ  =  the  arc  OZ  =  8'  say,  will  be  found  by  reading  the  circles  of  the 
instrument,  and  may,  of  course,  be  considered  as  known.  Then  a  system 
of  coordinates  must  be  drawn  in  the  photograph  with  its  origin  in  the 
image  point  corresponding  to  C,  and  the  coordinates  of  the  image  point  of 
A  must  be  measured  on  the  plate.  Thus,  the  problem  will  be  to  compute 
a  and  8  by  means  of  a'  and  8'  and  those  coordinates. 

2.  For  this  purpose,  let  (Fig.  2)  K  represent  the  inner  principal  point  of 
the  object  glass.  Then,  to  the  tangent  plane  GHLM  in  C  (Fig.  1)  corres- 
ponds the  photographic  plate  GHLM  (Fig.  2).    If  then  a  sphere  be  drawn. 


through  C  with  its  centre  in  K,  it  will  touch  the  photographic  plate  in  Cr 
and  if  the  straight  line  KP  be  drawn  from  K  parallel  to  the  axis  of  the 
instrument,  the  point  P  corresponds  to  the  '*  pole  "  of  the  instrument  (P  in 
Fig.  1).  The  great  circles  drawn  through  F  will  be  projected,  as  will  be 
shown  below,  as  straight  lines  on  the  photographic  plate,  and  they  will  all 
meet  in  the  point  P'  where  KP  produced  meets  the  plane  of  the  photo- 
graphic plate.  The  dihedric  angle  formed  by  any  great  circle  with  the  vertical 
plane  will  represent  a  value  of  S,  and  the  corresponding  values  of  a  will  be 
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measured  aloog  the  periphery  of  the  great  ci:  cle  from  P  downwards.     Thus 
we  may  conveniently  call  them  **  a-great  circles.** 

8.  Now  let  (Fig.  8)  the  photographic  plate  be  laid  in  the  plane  of  the 
paper,  the  line  CK  being  directed  upwards,  and  then,  taking  C  as  the  origin, 
let  two  axes  of  rectilinear  coordinates  be  drawn  perpendicularly  in  such  a 
way,  that  the  axis  of  x  touches  the  a-great  circle  of  the  sphere,  the  positive 
directions  being  taken  so  that  x  is  increasing  with  a  and  y  with  8 ;  thus 
CB^x  and  IiA=y  will  represent  the  coordinates  of  A  in  this  system.  If  an 
apparatus  for  measuring  polar  coordinates  be  employed,  AC^r  and  the  plane 
angle  ACB-Q  are  the  corresponding  coordinates,  where,  of  course,  0  ought 
to  be  reckoned  from  the  left  to  the  right,  viz.  from  the  positive  :r-axis  to  the 
positive  ^-axis.  Now  let  us  introdaco  tha  auxiliary  angles  BKC  =»  <^  and 
AKS  =  \l/,  and,  moreover,  for  the  second  case  (polar  coordinates)  AKOz^e. 
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Method  /.     Rectangular  conrdinates. 
The  plane  A  BK  meets  the  sphere  drawn  through  C  with  its  centre  in  K 
along  the  arc  of  great  circle  EF  and  the  plane  B(  K  along  tb**  arc  EC. 
Thus  the  oicKF  is  =  i//  and  the  arc  CE  =  </>.    The  trian^slp  BCK,  rectangula?- 
at  C,  gives,  if  CK  bo  pat  =  k,  k  being  an  instram'^nLal  constant,    ^-  '" 

a?  =  /ctan0       i^}^ 

From  the  same  triangle  wo  '^blain 

.. --COS0         COS  0 

and  froa  the  triangle  4^^,  rectangular  at  /?, 

-  y=^AB^BKi&n\j,      - 

by  which 


h  tan  yL 
*^         cos  0 


(2) 


By  means  of  (1)  and  (2)  ^  and  i//  can  be  computed. 

HEW  SPBIES, — YOL.  X^, 
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Metlicd  II,     Polar  coordinaf$u 

The  plane  ACK  (Fig.  81  interseets  the  sphere  along  the  arc  of  great  circle 
FO,  ihofl  the  arc  FO  is  =€  and  the  spherical  angle  ECFib  =6.  The 
triangle  ACK^  rectangular  at  C,  gives 

r  =  i&  tan  € (^) 

from  which  e  can  he  calculated.     Then  the  spherical  triangle  CEF,  rect- 
angular at  E^  gives: 

Bini//=  sinesin  o] 
008  i//  sin  ^  s=  sin  e  cos  6  f      (^) 

cos  l//COS</>=   COS£  J 

by  which 

A      J       1  ^      r  cos  9  1 

tan  <^  =  tan  £  cos  9  =  —  -  —    / 

^       V      •••         ...         (5) 

tan  i//  s=  tan  e  sin  <^  j 

4.  Now  let  the  superficial  triangle  CPF  in  Fig.  4  be  the  same  triangle 
as  CPF  in  Fig.  1 ,  separated  from  the  rest,  and  let  the  ai-c  of  great  circle 


Fig. 4-, 


PtJ  iejjroduced  so  as  to  meet  at  E  the  great  circle  EF  drawn  from  F  per- 
pendicuIor^te,.PC,  then  again  we  find  EC  =  <^  and  EF  =  yl.  Also, 
putting  ^""'--^^.,^^ 

we  obtain  from  >  rectangular  sphc««altriangle  7?f  Y^ 
sin  o  sin  A8  =  sin  y"        ^         1 
sin  o  cos  a8  =  cos  1^  sin  va'"f^)  f 
cos  a    =COSl//COS(a'+<^)j 

from  which 

tan  "^ 


(6) 


tan  AS 


(7) 


Here  H  inQS^  t>°  obcerved  that,  for  tbe  onmerical  calenlation,  it  is  not 
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neoessary  to  know  \f/,  but  only  tan  %!/,  and  therefore  the  first  of  the  formnliB 
(7)  is  more  saitably  written  in  the  following  manner  : — 

I.    tanA8=,   ^T'tJ 

„    ,         e,         tanOsin*    (  ^^ 

n.  tan  A8  =   -  »"*  y 

^-  '^  "^  sin  (a'  +<!>)) 

where  I.  is  to  be  used  for  rectangular  coordinates  and  11.  for  polar  ones. 

The  above  formulsd  are  developed  for  the  one  of  the  two  cloud  eqoatorials, 
but  can  immediately  be  applied  also  for  the  other,  if  everywhere  a  is  changed 
in  P  (compare  Dr.  Ekholm's  formulsd  (1)).  Thereby  it  is  to  be  observed, 
because  the  angles  a  and  P  are  taken  in  opposite  directions,  and  as  the 
positive  axis  of  x  is  drawn  in  the  same  direction  as  a  increases,  that  the  two 
photographic  plates  are  symmetrically  equal,  viz.  if  they  be  laid  with  the 
positive  y-axis  in  the  same  direction,  the  positive  a;-axis  will  lie  in  opposite 
directions,  and  consequently  also  the  angle  6  must  be  reckoned  from  the  posi- 
tive a;-axis  in  opposite  directions.  . 

6.  In  his  paper  "  A  new  instrument,  etc.**  Dr.  Ekholm  indicates  the 
advantage  of  being  able  to  draw  corresponding  lines  on  the  two  photographic 
plates.  Those  are  evidently  each  pair  of  lines,  for  which  the  coordinate  b  is 
the  same,  and,  as  now  will  be  shown,  those  lines  are  straight.  For  in  Fig.  2 
let  a  plane  turn  round  KP^  then  the  sections  between  this  plane  and  the 
sphere  will  be  the  a-great  circles,  and  accordingly,  the  images  of  all  the 
objects,  that  have  the  same  6,  must  all  lie  in  the  straight  line,  along  which 
the  turning  plane  intersects  the  plane  of  the  photographic  plate.  In  order 
to  construct  those  lines,  let  us  cut  off  from  C  on  the  axis  of  ^  a  length  (Figs. 
2  and  8) 

CP'  =  h  tan  a'  (the  numerical  value) 

in  the  negative  direction,  if  a*  <  90°,  and  in  the  positive  direction,  if  a'  >  90°. 
Then,  according  to  Fig.  1,  the  angle  CKP  =  the  arc  CP  =  a',  and  thus  the 
projection  of  CP  on  the  tangent  plane  will  be 

JSCO  tan  a'  =  A  tan  a' 

so  that  P'  will  be  the  point  where  all  these  straight  lines  meet.  Thus  if  the 
photographic  plate  be  fastene.l  on  a  drawing  table,  these  lines  (for  instance 
AP'  in  Fig  8)  may  be  drawn  with  a  rule.  If  CP*  be  so  great  that^the  point 
P'  cannot  be  conveniently  employed  for  the  construction  of  the  lines  AP\ 
which  may  be  the  case  for  a'  between  80°  and  100°,  a  scale  (CiAi)  drawn 
perpendicularly  to  CP'  in  a  point  (for  instance  Ci= J  OP')  may  be  employed 
instead  of  P'. 

This  proceeding  may  also  bo  applied  in  order  to  obtain  a  third  method  for 
determining  AB, 

Method  III. 

Let  CA'^y^  (Fig.  3)  be  the  part  of  the  axis  of  y  cut  off  by  any  of  the 
lines  l^'A,    Then  an  expression  for  y^  can  be  found  in  the  following  manner. 
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In  Fig.  2  let  a  plane  be.  laid  through  C  and  the  axis  of  y  (or  CA*)  perpen- 
dicular  to  KP,  and  let  it  cut  JTP  in  ff  (Fig.  6).     The  triangle  A'CU, 
rectangular  at  C,  gives,  the  angle  A'HC  being  =  A  8, 
yo  =  -4'(7  =  CH  tan  A  8 


but 

thus 

from  which 

CH  =  KG  pin  a'  =  fc  sin  o' 
y^  =  V  sin  a'  tan  A  8 

1       ks^          ^* 

^^^-^sina'            

Fig.  5. 

(9) 


In  order  to  find  the  corresponding  line  on  the  other  plate,  we  have  : — 
tV  =  A'sin/3'tanA8, 
k!  being  the  insimmental  constant  of  the  other  instrument,  analogous  to  k 
for  the  first.     As  then  the  quotient 

j^/  ^  fr'  sin  j8' 
yT        /f  sin  o' 
is  a  constant  for  the  two  plates,  the  corresponding  lines  are  easily  drawn. 

For  an  instrument  of  the  theodolite  type  P*  is  the  image  on  the  plane  of 
the  photographic  plate  of  the  zenith  point,  and  the  straight  lines  AP*  are  the 
images  of  the  vertical  circles.  As,  however,  the  two  instruments  are  de- 
prived of  the  advantage,  that  exists  in  the  cloud  equatorial,  of  having  a 
common  plane,  these  lines  have  not  the  quality,  that  one  of  the  coordinates, 
which  are  to  be  determined,  is  the  same  for  all  the  objects  that  lie  on  two 
corresponding  lines. 

6.  If  the  formulas  above  given  are  combined,  the  scheme  will  be  as  fol- 
lows : — 

Method  i.  Measuring  of  the  rectangular  coordinates  x  and  y  on  the  photo- 
graphic plate : 

i       ^     A      /s>     OM  y  cos  6  .         _  tan  (a'  +  <^) 

tan</>=  -,-  ;  tan  (8—8')  =  .— :    ,  ,  ;    ., ;  tan  a  =  --  \«- ..^^ 
^       k  A*  sm  (a'  +  </>) '  cos  (0  —  6^ 


(10) 


Method  71.    Measuring  of  the  polar  coordinates  r  and  9  : 
.       .      r  cos  0 .  .      ,^  tan  0  sin  <^  ^  __  (tan  a'  +  <f>)    ..,. 

tan^=    -it-'*«^(«-«>  =  sin-(a'-+</>)'*^«"--^^8-8y("> 
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Method  III,     Graphical  constr  action  of  the  a -great  circles  anl  measore- 
ment  of  x  and  yo  : 

With  regard  to  the  determination  of  the  quadrants  in  which  the  angles 
ought  to  be  taken,  we  observe  that  <^  lies  between  —90°  and  0°,  when  x  or 
cos  9  is  negative,  and  between  0°  and +90°,  when  x  or  cos  e  is  positive  J 
that  A  8  lies  between  —90°  and  0°,  when  tan  A  S  is  negative,  and  be- 
tween 0^  and  +90°,  when  tan  A  S  is  positive;  and  that  a  lies  between 
0^  and  90°  when  tan  a  is  positive,  and  between  90'^  and  130°  when  tan  a  is 
negative.  For  instruments  of  the  equatorial  type  uncertainty  can  never 
arise,  as  the  instruments  can  never  be  supposed  to  be  directed  so  that  their 
sifi^ht  lines  are  nearly  parallel  to  the  common  axis  of  the  instruments  {KP). 
For  instruments  of  the  theodolite  type  uncertainty  can,  however,  arise  at  the 
determination  of  the  quadrant  of  the  azimuth,  when  observations  are  made 
near  to  the  zenith ;  this  will  be  considered  later  on. 

The  constant  fe,  that  is  employed  in  the  formulsa,  will  be  determined  by 
measuring  the  rectilinear  coordinates  of  some  well  defined  points  in  the 
photograph  of  an  object  on  the  earth,  and  then  measuring  the  angular 
coordinates  of  the  same  points  by  means  of  the  tube  and  circles  of  the 
instrument.  For  the  same  photographic  plate  k  sin  a'  is  also  a  constant,  and 
thus  Method  III.  is  advantageous,  if  a  great  number  of  measurements  are  to 
be  made  on  the  same  plate.  Among  the  angles  here  employed,  <^  can  be 
tabulated  with  ^  as  an  argument,  as  this  angle  is  dependent  only  of  x  and 
the  constant  k. 

If  3,  a  and  P  be  calculated  by  means  of  the  above  formuhe,  the  following 
calculation  will  be  performed  by  means  of  the  formulsB  given  in  the  paper  of 
Dr.  Ekholm  above  mentioned. 

7.  I  will  now  shortly  give  the  formulsa  that  are  applicable  for  instru- 
ments of  the  theodolite  type. 

In  Fig.  6,  let  the  great  circle  ZS  represent  the  common  vertical  of  the 
two  instruments,  from  which  the  azimuth  angles  are  supposed  to  be 
reckoned  with  watch-hands  (sunwise).  KC  is  supposed  to  be  the  optical 
axis  of  the  instrument  produced,  ZC  is  the  zenithal  distance,  z',  read  on  the 
circle  of  the  instrument,  the  spherical  angle  CZS  the  azimuth,  say  a\  The 
tangent  plane  in  C  corresponds  to  the  photographic  plate.  The  coordinate 
axes  are  supposed  to  be  drawn  in  the  tangent  plane  so  that  the  axis  of  x 
touches  the  vertical  circle  in  C,  and  the  coordinates  taken  in  the  same  direc- 
tion, m  which  the  corresponding  spherical  coordinates  {z'  and  a')  increase. 

For  the  sake  of  perspicuity  let  in  Fig.  7  the  spherical  triangle  ZCF  be 
separated  from  the  rest.    If  we  put 

A  a  =  a—a' 

and  if  the  two  auxiliary  angles  <^  and  ip  be  introduced,  defined  as  before,  we 
Obtain 
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sin  2  sin  Aa  =  sin  \f/ 

sin  «  COS  Aa  =  cos  \// sm(;2;'  +  <^)  C  (18) 

cos  z    =  cos  <//  cos  («'  +  <l>) 

and  the  following  systems  of  formulsB : — 
J.     Rectangular  coordinates. 

.       ,       X     ,       .     _       y  cos<l>  .         _  tan  («'  +  <^) 

tan  <^=  --  ;  tan  Aa  =  ,^  .^-7-7   .^^  tan  «  =  — ^^ — ^-^    ..• 
k  k  sin  (z'  +  <l>)  cos  Aa 

II.     Polar  coordinates. 

.       .      r  cos  0     -      ^         tan  0  sin  <^     .  tan  («'  +  <^) 

tan<A=  — r — ;  tan  Aa  =s  _______ —T;  tan«=  — ^^ — f— ^  .. 

^  k  Bm(a;'+<^)  cos  Aa 

Fig.  6. 
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Here  it  most  bo  observed  that  d  ought  to  be  reckoned  from  the  positivo 
ic-axisi  from  the  left  to  the  right|  in  both  instruments. 
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III,     Meamrement  of  x  and  yo. 

In  Fig.  8  let  the  rectangle  GHLM  be  the  photogrnphio  plate,  laid  in  the 
plane  of  the  paper.  Z'  is  the  projection  on  the  photographic  plate  of  the 
zenithal  point  Z.  The  straight  lines,  that  ore  the  images  of  the  yertioal 
circles  on  the  sphere,  all  meet  in  Z\  which,  as  the  zenithal  distance  never 
is  greater  than  90°,  always  lies  on  the  negative  x-azis  in  a  distance  from  0  : 

GZ'  =  ifc  tan  «' 


♦x 


H^ ■ ' i 

Bj  laying  a  plane  through  the  y-axis  perpendicularly  to  the  zenithal  line 
KZ  in  Fig.  6  we  obtain  : 

r^o  =  ^  sin  «'  tan  A  a 
Thus  the  formnlaB  in  this  case  are : 


Vo        L      J       ^     L  tan  («  +  <^) 

tan  Aa  =  .- •     » '»  tan  «^  =  ,  ;  tan  ;s?  =  — ^    , 
ifc  sin »'  ^       *  '  cos  An 


(16) 


♦X 


-ta. 


V 


N  X 

When  observations  are  made  near  to  the  zenith,  the  quadrant  of  A  a  is  de- 
termined  as  follows.  Because  the  angles  <^  and  «//  can  always  be  supposed 
numerically  less  than  OCP,  the  first  two  formulae  (18)  prove  that  sin  A  a  has 
the  same  sign  as  sin  \/^,  and  cos  A  a  the  same  sign  as  sin  (9^'+<^)-  Bui 
according  to  the  formula 

^tan\f/ 


y= 


cos  6 


sm  ^  has  the  same  sigu  as  y,  and  from  Fig.  9,  aftalogous  to  Fig.  8,  We  find, 
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that  if  tho  point  ^  to  be  muasurod  falls  to  the  left  of  the  line  NO  drawn 
through  the  image  Z'  of  the  zenith  point  paralbl  to  tho  y-axis,  z'  +  ^  ia 
positive,  and  if  A  falls  on  the  right  of  NO,  z'  +  ^  is  negative.  Thus  sin  Aa 
has  the  same  sign  as  i/,  and  cos  Aa  the  same  sign  as  :r+A;  tan  z\  Thus,  if 
the  point  A  falls  within  the  rectangle  GZ\  Ai  ought  to  be  taken  in  the  1st 
quadract, 

if  A  within  MZ',  Aa  in  the  2ud  quadrant 
„  LZ',         ,,  8rd         „ 

HZ\        „        4th 

Numerical  Example, 

a'=17^80-'3;   a'  =  +84°56-7;   y=+82,5mm.;   :i;=+28,6  mm.; 

^=125,8  mm. 

Method  I.     (log^       =1-4664  log  y=l -5119 

*hogk       =2  0997 
Formula)  (10)     (log  tan  <^  =  9-3667 

</>  =  +  12°  48-'6        log  cos  <l>  =9-9891 
a'«      47     80-8         Sum  =  1-6010 

a'  +  </>=     60     18-8 

log  k  =  2-0997 

log  tan  (a'  +  <^)  =  0-2441         log  sin  (a'  +«^)  =  9-9389 

log  cos  AS  =  9-9825  Sum  =2*0386 

log  tan  a  =  0-2616  log  tan  AS  =  9-4624 

a  =  61°  18'0  AS  =  +  16°  lO-'S 

S'  =  +  84  66-7 

S  =  +  61    7-0 

Method  n.     r  =  48,29  mm.     e  =  48°89-'0 
Formulas  (11)    log  r  =  1-6864 

log  cos  G  =  9-8200  log  tan  G  =  0,0666 

Sum  =  1-4664 
log  k  =  2-0997 
log  tan  <^  =  9-8567 

^  =  +12°48-'6  *    log  sin  <^  =  9-8468 

a'=      47  80-  8  Sum  =  9-4018 

a*  +  if>=      60  18-  8     log  sin  (a'  +  <^)  =  9' 


log  tan  AS  =  9-4624 
log  tan  (a'  +<!>)  =  0-2441  AS  =  +16°10'-8 

lop[  cos  AS  =  9*9825  S'  =  +84  66  -7 

log  tan  a  =  0-2616  S  =  +61    7  -0 

a=61°18'-0 

*  If  ^  be  tabulatei,  the  3  rows  are  excluded. 
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Method  III.         yo=  +  26,9  mm. 
Formnlffi  (12)  log  yo  =  1*4298  <^  and  a  are  calcnlateJ  as  shown  in 
log  k  BID  a'  =r  19674 

log  tan  Zl3  s=  9*4624        the  first  vertical  row  in  Method  I. 
A8  =  +  16°  10-'8 
a'=  +  84  66-7 
8  ^  +  61  7-0 


Addition  to  the  above  solution  oive!«  by  Dr.  Olsson. 
By  NILS  EKHOLM,  Hon.Mem.R.Met.Soc. 
A  later  consideration  of  Dr.  Olsson's  formals  for  the  equatorial  photo- 
grammeter  has  suggested  the  following  simplification  of  the  formnlsB  (1)  given 
in  my  last  paper^  combined  with  those  of  Dr.  Olsson. 

Let  <^  and  \pi  denote  the  auxiliary  angles  for  the  first  equatorial,  <^  and 
ypi  those  for  the  second,  and  for  the  sake  of  shortness  put  a'  +  <^  =  ^, 
P'  +  <t>,  =  B. 

Then  by  the  formula  (6)  of  Dr.  Olsson 
sin  a  sin  A3  =  sin  tpi 
sin  a  cos  AS  =  cos  ^i  sin  A 
cos  a  =s  cos  ^1  cos  A      (8) 

sin  j3  sin  AS  =  sin  \^j 

sin  /?  cos  A8  =  cos  ^^  sin  B 

cos  P  =  cos  \^s  cos  B 

A  3  =  S  —  6'  being  the  same  for  a  corresponding  point  at  the  two  instru- 
ments. 

Multiplying  I.  (2)  by  11.  (8)  and  I.  (8)  by  II.  (2)  and  dividing  by  cos  A  8 
we  get 

^  _  cos  ^1  cos  ^,  .      .        „ 
sm  a  cos  /3  =  — ^l^^  .c.     sm  ^  cos  1^ 

'^  cos  Ao 


(8)   I 


.      ^  COS^lCOS^,    .      „  - 

sm  p  COS  a  = — -r^  sm  B  cos  A 


and  by  addition 


cos  A3 


«^(^  +  ^)=      COS  A3      8"^(^+^) 


Also  multiplying  I  (2)  by  IE  (2)  and  dividing  by  cos*  A3, 

.      ^       cos  ^1  cos  \^,  AD 

sm  a  sm  p  =  —    ^  \k      sm  A  sm  B 
Introducing  these  values  in  our  formulsB  (1)  cited  above  we  obtain 
5  sin  -B  cos  ^  ^         5  sin  ^  cos  -B  \ 


■    sin(^+-B)  sin(^+i^j 

&  sin  il  sin  B       sin  3 


sin  {A+B)    •  cosAS 
6  sin  J  sin  B       cos  3 
'~Bm  {A  +  B)    •  cos  A3 

^  QumrUrt^  Journal.    Vol.  XIX.  p.  49. 


m. 
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where 

A^a'+<t>,,B=fl' +  <!>,; 
a*  and  P'  are  read  on  the  circles  of  the  equatorials  and  <jf>x,  <^,  A  S  and  S  are 
found  as  shown  in  Dr.  OIsson*s  paper.     Thus  we  need  not  calculate  a  and  j3. 

There  may  he  a  slight  difference  between  8\  and  S',  and  between  8^  and  8, 
(notation  analogous  to  that  used  in  my  cited  paper,  p.  48)  due  to  instrumen- 
tal errors  ;  if  such  be  the  case,  the  arithmetric  mean  of  6i  and  ^  and  of  A^i 
and  AS2  niTiBt  be  introduced  in  the  formulae  UI. 

Then  the  shortesi  distance  A  between  the  sight-lines  will  be 

2b  5i  — &,  sin  A  sin  B  _„ 

A= T-\  sin  —^ -. — /  .  .   .jv    IV. 

cos  A6  2      Bin{A  +  B) 

The  formulse  III  as  well  as  the  formulsB  (1)  above  cited  combined  with  Dr. 
01sson*6  formulas  are  both  very  convenient  for  numerical  work,  so  that  a 
double  calculation  by  means  of  the  two  systems  will  give  an  excellent  control. 

Similar  simplifications  are  not  applicable  for  the  theodolite  photogrammeters, 
as  for  them  generally  Aa  is  different  for  a  corresponding  point  at  the  two 
instruments. 


DISCUSSION. 

Gen.  B.  Stbachey,  in  a  communication  to  the  Secretary,  said : — ^This  paper 
may  be  regarded  as  being  supplementary  to  that  of  Dr.  Ekholm  (^Quarterly 
Journal,  Vol.  XIX,  p.  38).  It  is  designed  to  supply  more  exact  formtdse  for  the 
calculation  of  the  position  of  clouds  obtained  from  photop:raphic  pictures,  by  the 
adoption  of  spherical  coordinates  instead  of  rectilinear;  the  discussion  being 
made  to  embrace  the  cases  both  of  cameras  mounted  as  theodolites,  and 
equatorially  as  proposed  by  Dr.  Ekholm.  Whether  such  refinements  in 
computations  of  the  heights  and  position  of  bodies  so  indefinite  in  their  nature 
as  clouds,  are  likely  to  be  of  practical  value  is  perhaps  questionable,  and  it  would 
have  been  instructive  to  have  had  examples  of  actual  observations  treated  with 
both  in  the  approximate  and  more  accurate  manner  for  comparison.  If,  as  is  by 
no  means  improbable,  the  unavoidable  uncertainties  are  much  in  excess  of  the 
differences  brought  out  by  the  two  methods  of  computation,  the  additional 
refinement  seems  uncalled  for.  The  system  last  tried  at  Kew,  by  which  the 
cameras  were  fixed  with  their  optical  axes  directed  to  the  zenith,  may  be  regarded 
as  a  particular  case  of  Dr.  Ekholm*s  equatorial  mounting.  By  it  the  direct 
comparison  of  the  two  sets  of  pictures  got  at  the  ends  of  the  base,  was  made 
possible  by  simple  superposition,  and  such  a  system  mi^ht  perhaps  be  extended 
so  as  to  get  directly  comparable  pictures  from  any  point  in  the  heavens,  which 
would  admit  of  almost  sdl  calculation  being  avoided,  and  the  results  being 
treated  almost  as  simple  "  observations." 
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ON  SOME  PHENOMENA  OF  THE  UPPER  AIR. 

An  Address  delivered  to  the  Royal  Meteorological  Society, 
April  18tli,  1894. 

By  MOHARD  inwards,  F.R.A.S. 
Pbesident. 


It  mast  be  confessed  that  the  human  family  are  not  placed  in  the  best 
position  for  entering  npon  the  study  oC  the  upper  air,  for  we  are  on  the 
wrong  side  of  the  earth's  envelope  for  this  purpose,  and  our  position  has 
been  compared  to  that  of  an  oyster  at  the  bottom  of  the  English  Channel, 
trying  to  form  some  notion  of  the  play  of  the  waves  and  currents  above  by 
observing  the  small  eddies  and  tremors  which  find  their  way  to  the  little 
nooks  and  corners  which  constitute  his  domain  at  the  bottom  of  the  sea. 

We  have  indeed  done  a  great  deal  towards  accumulating  accurate  particu- 
lars of  the  state  of  the  air  in  its  lowest  layers,  but  the  great  field  of  research 
above  us  is  still  but  little  known,  and  we  have  to  guard  against  attaching  too 
much  importance  to  minute  and  multitudinous  observations  below,  while  we 
are  but  too  apt  to  neglect  the  broader  researches  into  the  great  aerial  ocean 
which  is  ever  flowing  above  our  heads,  and  out  of  our  immediate  reach. 

It  is  the  dream  and  aspiration  of  every  meteorologist  to  know  something 
more  of  this  ocean  of  air,  and  it  must  be  in  the  domain  of  this  higher  meteo- 
rology that  the  further  conquests  of  our  science  must  be  won. 

There  are  three  principal  ways  in  which  the  higher  atmosphere  may  bo 
studied. 

First,  by  going  and  living  in  it,  somewhere  on  one  of  the  great  moun- 
tain chains  which  rise  many  miles  into  the  air  in  various  parts  of  the  globe ; 

Secondy  by  ascending  into  it  by  means  of  balloons  ;  and 

Third,  by  the  study  of  the  upper  currents,  as  shown  to  our  sight  by  the 
movements  of  the  clouds. 

I  shall  have  a  few  words  to  say  on  each  of  these  methods  of  observation, 
and  I  must  ask  the  Fellows  to  forgive  me  for  adopting  a  less  technical 
style  in  these  remarks  than  that  to  which  they  are  accustomed  within 
these  walls.  My  reason  is  a  sufficiently  good  one  (next  to  that  of'  my 
own  shortcomings),  and  is,  that  the  subject  is  so  vast  that  I  should  have 
little  chance  of  finishing  in  one  short  hour  were  I  to  give  anything  but  a 
rapid  and  general  glance  at  the  subject. 

If  we  imagine  an  observer  provided  with  optical  aids  similar  to  our  own, 
and  viewing  the  earth,  say  firom  somewhere  on  the  darkened  part  of  our  own 
tiioon,  such  a  person  would  be  able  to  take  a  much  more  comprehensive  view 
of  the  movements  of  the  air  than  we  can  ever  obtain,  for  he  would  see  masses 
of  clouds  wandering  over  oceans  and  continents,  desert  wastes,  and  polar 
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spaces,  and,  having  the  advant  ige  of  a  comprehensive  view  of  a  hemisphere 
at  once,  he  would  not  be  long,  at  any  rate  with  respect  to  the  great  cloud- 
bearing  currents,  in  forming  just  notions  of  tlieir  movements. 

The  earth  would  be  to  him  a  splendid  object  about  16  times  as  large  as 
the  sun,  and  probably  the  brightest  and  most  beautiful  feature  to  him  would 
be  the  ever  shifting  veil  of  clouds  which  he  saw  spread  over  its  surface.  In 
some  of  the  densest,  and  to  him  brightest  spots,  we  should,  however,  perhaps 
be  suffering  all  the  horrors  of  storm,  thunder  and  wreck,  small  commotions 
which  would  be  quite  invisible  from  the  point  of  view  which  we  have  just 
imagined. 

One  of  the  first  questions  to  be  asked,  and  one  of  the  last  to  answer  satis- 
factorily, is.  How  thick  is  the  envelope  of  air  which  surrounds  the  earth  ? 
This  is  one  of  the  things  about  which  little  consolation  will  be  obtained  by 
referring  to  meteorological  works,  for  the  various  authors  hover  between  20 
and  500  miles  in  their  estimates  of  the  height  of  the  air. 

But  although  we  have  no  definite  knowledge  of  where  the  atmosphere 
really  ends,  we  are  well  acquainted  with  the  sum  total  of  its  weight,  and  we 
know  that  at  a  height  of  about  8  miles  half  of  its  mass  is  below  our  feet. 
We  are  told,  too,  that  the  air  cannot  reach  further  into  space  than  the  point 
where  the  force  of  gravity  is  so  diminished  by  distance  as  only  just  to  equal 
the  natural  repulsive  force  with  which  the  atoms  of  air  (like  those  of  all 
other  gases)  are  striving  to  get  away  from  each  other.  It  is  not  too  much  to 
hope  that  experiment  will  some  day  enable  us  to  fix  this  point. 

Now  the  first  way  that  I  mentioned  of  extending  human  knowledge  in  an 
upward  direction  is  by  climbing  a  high  mountain,  and  by  living  at  a  great 
height,  to  endeavour  to  study  while  actually  in  it  some  of  the  properties  of  the 
higher  air.  Dr.  C.  Theodore  Williams,  a  few  months  since,  gave  us  an 
interesting  account  of  life  in  the  higher  altitudes  of  Colorado,  and  it  has  been 
my  own  lot  to  have  lived  on  the  great  mountain  chain  of  the  Andes  for  about 
a  year,  and  to  have  had  opportunities  of  making  notes  which  support  the 
conclusions  at  which  he  arrived. 

In  these  high  plains  of  the  Andes  we  get  a  good  opportunity  of  studying 
the  effects  of  rarefied  air  on  animal  life,  and  one  of  the  first  things  we  should 
expect  in  people  who  have  to  live  in  an  atmosphere  which  only  allows  them 
to  take  in  about  two-thirds  of  the  usual  quantity  of  oxygen  each  time  they 
breathe,  would  be  that  they  would  be  sure  to  suffer  from  lung  troubles,  and 
that  strangers  coming  from  lower  levels,  where  they  had  been  accustomed  to  a 
full  supply  of  that  prime  necessary  of  life,  would  fall  ill  or  pine  and  die.  Our 
surmises,  though  apparently  founded  upon  reason,  would  be  woefully  wrong, 
for  we  should  find  ourselves  among  a  people  to  whom  lung  diseases  are  almost 
unknown,  who  have  no  words  in  their  language  for  consumption  or  catarrh, 
and  who  go  about  their  daily  occupations  without  ever  suspecting  that  they 
are  badly  used  in  being  deprived  of  so  large  a  portion  of  their  atmosphere. 
As  to  the  stranger  who  arrives  among  them,  after  the  first  inconvenience 
caused  by  the  sudden  change,  he  generally  improves  in  health,  and  if  he 
had  any  chest  disease  when  he  came,  he  generally  promptly  loses  it. 
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Another  thing  which  does  not  seem  unreasonable  is  that  birds,  having  bat 
little  more  than  half  the  density  of  au:  to  beat  against  with  their  wings, 
wonld  be  nnable  to  fly  so  swiftly  or  so  fiEtr  as  those  in  lower  air,  but  yet  here 
we  see  the  great  Condor  spreading  his  wings  without  an  effort  and  sailing 
over  the  highest  mountain  peaks,  while  at  10,000  fb.  altitude  the  little  humming 
birds  flit  about  hour  after  hour  without  even  seeming  to  wish  to  settle. 

I  believe  the  eggs  of  birds  are,  at  these  heights,  provided  with  a  larger  air 
bubble. 

We  find  the  men  (I  speak  of  the  Aymard  Indians,  among  whom  I  lived) 
to  be  a  large  chested  and  rather  short  legged  race,  with  a  great  capacity  for 
prolonged  and  patient  exertion,  but  with  no  particular  aptitude  for  great  or 
sudden  efforts. 

One  of  the  first  things  we  notice  here  is  that  boiling  water  is  not  so  hot, 
and  certain  kinds  of  food  cannot  be  cooked  at  all  by  boiling.  The  sky  is  of 
a  darker  and  purer  blue.  Sounds  are  not  so  loud,  nor  echoes  so  clear  or 
frequently  repeated  as  those  below.  Pumps  and  siphons  do  not  raise  water 
to  the  same  height,  fires  will  not  give  out  so  much  heat,  and  furnaces  which 
will  melt  certain  minerals  at  ordinary  altitudes  will  not  do  so  here. 

Exertion  soon  becomes  fatiguing,  and  only  a  few  yards  running  will  cause 
a  stranger  to  pant  for  breath. 

The  clouds  are  often  seen  widely  spread  out  beneath  your  feet,  and,  just  as 
in  some  of  the  pictures  I  hope  to  exhibit,  one  seems  to  look  around  on  a 
wide  sea  of  clouds,  studded  with  blue  islands,  where  the  mountain  tops 
pierce  through  into  the  sunshine,  while  the  cloud-sea  fills  up  the  valleys, 
following  every  hollow  and  winding  along  every  torrent  bed,  and  showing 
bays  and  creeks  without  number,  just  as  on  the  shore  of  a  veritable  sea  or 
lake  beneath. 

In  the  high  plains  which  we  cross  at  night  the  electric  effects  are  most  start- 
ling, and  I  well  remember  my  surprise  at  seeing  brushes  of  flame  issuing  from 
the  mules'  ears  while  the  arriero's  spurs  seemed  h'ke  two  fiery  stars  dancing 
near  the  ground.  Every  time  we  touched  the  manes  of  the  animals  a  line 
of  fire  followed  the  hand,  and  a  hissing  noise  was  heard.  These  things  are 
not  rare,  and  I  am  prepared  to  believe  that  in  Canada  there  are  times  when, 
as  stated,  an  ordinary  gas  jet  can  be  lighted  by  a  natural  spark  from  one*s 
finger. 

Then  on  these  great  mountain  plains  we  often  see  whirling  columns  of 
sand  (in  form  and  motion  like  waterspouts  at  sea)  careering  along  the  vast 
dusty  desert,  and  although  one  can  sometimes  see  as  many  as  six  of  these  at 
once,  yet  it  seems  a  rare  thing  to  be  actually  enveloped  in  one.  Their  hori- 
zontal motion  over  the  ground  is  quite  leisurely,  though  there  is  a  furious 
current  of  air  and  sand  curling  round  in  their  centres. 

The  importance  of  high  stations  for  weather  observatories  is  fully  recog- 
nised by  other  nations;  and  I  need  only  name  the  gallant  effort  of 
Harvard  College,  who  have,  at  their  own  expense,  established  in  Peru  an 
Observatory  with  full  equipment  of  recording  instruments  on  Mount  Char- 
chani  at  a  height  of  16,650  feet  above  the  sea.    When  I  tell  you  that  this 
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Observatory  is  more  than  8,000  miles  from  the  College,  and  is  also  in 
another  country  and  hemisphere,  some  notion  may  be  had  of  the  effort 
necessary  to  establish  and  maintain  it. 

The  second  method  of  attackiog  the  regions  of  the  higher  air  is  by 
means  of  balloons ;  and  since  Montgolfier  first  proposed  to  introdaoe  French 
soldiers  into  Gibraltar  by  means  of  his  balloon,  there  have  been  many 
ascents  into  the  atmosphere  by  these  means.  Though  the  inventors  did 
not  at  first  venture  themselves  into  the  car  of  the  balloon,  yet  Montgolfier 
proved  the  practicability  of  his  scheme  by  sending  up  sheep  and  fowls, 
which  duly  came  down  alive. 

It  would  be  a  task  far  too  long  to  enumerate  all  the  air  voyages  which 
have  enriched  science  by  the  discoveries  of  new  facts  as  to  heat  and 
moisture,  wind  and  tempest,  but  in  1850  Messrs.  Barral  and  Bixio  found  at 
20,000  feet  the  temperature  had  sunk  to  15^  F.  This  was  in  a  cloud,  and 
on  emerging  from  this  8,000  feet  higher,  the  temperature  sunk  as  low  as 
—  88°  or  70°  below  freezing  point.  These  voyagers,  too,  had  the  honour  to 
be  the  first  to  pass  through  a  cloud  made  up  entirely  of  fine  needles  of  ice, 
so  that  they  managed  to  experience  an  arctic  temperature  in  less  than  an 
hour's  journey  from  Paris. 

Then  there  were  the  memorable  ascents  ma  le  by  our  countryman  Mr. 
Green,  who  was  accompanied  by  Mr.  Welsh,  F.R.S.,  of  the  Kew  Observatory 
(whose  portrait  on  an  olddaguerrotj^pe,  and  with  a  group  of  o:hcr  celebrities, 
will  be  found  in  the  Exhibition),  and  they  confirmed  previous  observations  as  to 
the  air  becoming  about  1°  colder  for  every  800  feet  rise.  Mr.  Green,  too,  was 
one  of  the  first  to  witness  two  complete  sunsets  on  the  same  day  ;  for 
though  he  started  from  the  earth  some  time  after  sunset,  he  rose  so  rapidly 
into  the  air  that  he  soon  saw  the  sun  again,  and  watched  it  once  more  setting 
behind  a  more  elevated  horizon. 

Then  Mr.  Oreswick,  of  the  Greenwich  Observatory,  made  an  ascent  in  a 
very  old  and  damaged  balloon,  and  ttftcr  many  perils  came  down,  luckily, 
without  accident. 

But  after  these  came  the  never  to  be  for^^otten  series  of  ascents  by  our 
own  Mr.  James  Glaisher,  F.R.S.,  a  former  President  of  this  Society,  and  a 
man  still  hale,  though  long  past  80,  who,  with  Mr.  Henry  Ooxwell  the 
aeronaut,  also  still  living,  undertook  for  the  British  Association  a  series  of 
ascents  provided  with  all  the  scientific  apparatus  necessary  for  a  thorough 
examination  of  the  currents  of  air  through  which  they  were  to  pass.  They 
made  28  ascents,  principally  in  a  balloon  made  of  American  cloth,  and  not  of 
silk,  as  the  custom  had  been. 

In  the  very  first  ascent  some  interesting  facts  were  noted.  At 
15,500  feet  the  temperature  had  ranged  between  26°  and  81°,  but  after 
getting  as  high  as  19,500  feet  it  was  found  to  be  11°  warmer,  and  just  as 
they  were  taking  off  some  of  their  thick  clothing,  they  suddenly  encountered 
a  cold  current  of  the  temperatnre  of  16°,  all  in  a  few  moments.  They  came 
down  with  enormous  rapidity,  at  the  rate  of  about  4,000  feet  in  a  minnte, 
and  they  also  sunk  through  a  cloud  8,000  feet  in  thickness. 
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In  1862  they  made  the  ascent  in  which  they  reached  an  altitude  never 
before  attained  and  which  has  not  since  been  surpassed,  and  they  ran  very 
great  risk  of  perishing  from  the  drowsy  faintness  produced  by  breathing 
the  rarefied  air.  Mr.  Glaisher  collapsed,  and  although  his  brain  retained  for 
some  time  its  thinking  and  observing  powers,  yet  he  found  himself  unable  to 
move  a  single  muscle  and  finally  he  fainted  ;  while  in  the  meantime  Mr. 
Cozwell,  whose  hands  were  frost-bitten,  only  just  managed  to  open  the  gas 
valve  with  the  aid  of  his  teeth,  so  as  to  enable  them  to  descend  from  their 
seven  miles  altitude  and  to  land  safely  on  the  earth.  I  can  remember  in 
these  rooms  hearing  Mr.  Glaisher's  graphic  description  of  his  sensations 
when  in  a  fainting  condition,  and  his  being  '*  heckled  **  by  a  medical  objector 
who  seemed  to  see  some  difficulty  in  his  account  of  the  symptoms. 

Mr.  Qlaisher  has  described  in  his  Travels  in  the  Air  all  the  moving 
incidents  in  subsequent  ascents,  the  grand  cloud  scenery  passed  through, 
the  warm  and  cold  currents,  the  layers  of  clouds  at  difierent  heights,  some  of 
them  raining  freely  into  each  other,  the  various  effects  of  the  rarefied  air  on 
themselves  and  on  the  pigeons  they  let  loose  from  time  to  time,  and  he  relates 
even  so  small  a  circumstance  as  the  cork  flying  out  of  a  water  bottle  owing 
to  the  expansion  of  the  air  within. 

But  there  is  a  mode  of  getting  information  from  balloons  without  under- 
going the  danger,  and  this  is  by  sending  up,  instead  of  an  observer,  a  series 
of  instruments  so  cunningly  contrived  as  to  register  the  various  changes  of 
condition  through  which  the  balloon  risos.  This  has  just  been  done  in 
France  through  the  enterprise  of  M.  Hermite,  an. I  the  results  are  most 
interesting,  for  it  appears  that  one  of  these  balloons  has  burpassed  all 
previous  ascents,  and  has  lisen  to  a  height  of  tei)  miles  into  the  air  and 
brought  down  automatic  records  of  its  journey.  Mr.  Green  long  ago  ex- 
pressed the  opinion  that  it  was  useless  to  hope  to  ascend  higher  than  ten 
miles  even  in  a  balloon  inflated  with  pure  hydrogen  gas,  but  he  probably 
reckoned  on  a  living  observer  being  carried  up. 

This  French  balloon  rose  to  a  point  where  tbe  pressure  was  only  4*1 
inches  and  the  temperature  — 104  F.  It  seems  from  the  results  of  this 
ascent  that  the  temperature  of  the  air  decreases  pretty  regularly  above 
12,000  feet  at  the  rate  of  1°  for  every  880  feet  rise  into  the  air. 

A  word  about  the  possibilities  of  the  human  animal  taking  to  himself 
wings  and  flying  into  the  space  above.  It  may  be  said  that  a  great  many 
inventors  have  occupied  themselves  with  the  problem,  and  that  it  is  only  re- 
cently that  they  have  been  rewarded  by  the  1*  ast  glimmer  of  hope. 

In  the  15th  century  that  wonderfal  Milanese  who  seemed  to  have  com- 
bined within  himself  the  powers  of  a  host  of  masters, — I  mean  Leonardo 
da  Vinci, — ^made  many  designs  for  flying  machines,  but  in  describing  one  of 
the  most  ingenious  of  them  he  let  fall  an  observation  which  shows  that  he 
had  not  much  faith  in  their  success,  for  be  writes  to  a  pupil  who  was  going 
to  try  the  flight:  <*  Thou  wilt  experiment  with  this  instrument  over  a  lake, 
and  with  a  long  leather  bottle  round  thy  waist,  so  that  thou  drownest  not." 
ELere  we  have  an  instance  of  an  experimenter  anticipating  failure  in  what  he 
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attempts,  but  inyeDting  a  most  nsefal  thing  (the  life  belt)  as  an  aocessoir 
to  the  abortive  scheme. 

Herr  Lilienthal  has,  however,  actoallj  made  a  flying  apparatus  with  wings 
of  16  square  metres,  and  he  has  succeeded  at  Steglitz,  near  Berlin,  in  flying, 
or  rather  gliding,  through  the  nir  for  a  distance  of  27S  yards,  always,  how- 
ever, slightly  declining  towards  the  earth,  at  an  angle  of  from  l(f  to  15^. 
(See  Nature,  December  14th,  1898.) 

In  order  to  start,  he  has  to  run  smartly  a  few  steps  against  the  wind,  an 
evolution  which  the  larger  birds  of  prey  have  to  perform  when  they  rise  from 
level  ground.  And  we  are  told  the  same  thing  of  our  British  bustard,  now 
becoming  so  rare. 

But  as  to  this  possibility  of  flight,  although  science  cannot  look  to  it  for 
much  aid,  yet  since  the  appearance  of  Professor  Langley*s  Experiments  in 
Aerodynamics  the  subject  has  entered  another  phase,  and  this  truly  eminent 
investigator  gives  it  as  his  deUberate  opinion  that  "  mechanical  sustentation 
of  heavy  bodies  in  the  air  combined  with  very  great  speeds  is  not  only 
possible,  but  within  the  reach  of  mechanical  means  we  actually  possess,  and 
that  while  these  researches  are  not  meant  to  demonstrate  the  art  of  guiding 
such  heavy  bodies  in  flight,  they  do  show  that  we  have  now  the  power  to 
sustain  and  propel  them.*' 

We  now  come  to  the  third  method  of  getting  knowledge  about  what  is 
going  on  above  us,  and  this  we  can  do  by  studying  the  behaviour  of  the 
clouds  which  float  over  our  heads. 

Aristotle  definei  a  cloud  as  a  mass  of  vapour  floating  in  the  air,  and  if  we 
snbstitute  water  for  vapour,  or  call  it  visible  vapour,  or  as  Tyndall  named  it 
**  water  dust,"  we  shall  not  have  much  altered  the  twenty  century  old  definition. 

Clouds  are  simply  a  form  of  water  made  visible  by  the  cooling  of  the  air 
which  previously  held  the  water  in  the  form  of  invisible  vapour. 

Every  cloud  may  be  regarded  as  the  top  of  an  invisible  warm  column  or 
current  thrusting  its  way  into  a  colder  body  of  air,  and  one  point  should  not 
be  lost  sight  of,  that  the  clouds  themselves  sometimes  form  a  barrier  to  the 
horizontal  motion  of  the  currents  that  produce  them,  and  it  is  common  in 
thunderstorms  to  see  an  enormous  mass  of  cload  climbing  higher  and  higher 
into  the  air  till  it  seems  to  topple  backwards  upon  itself  like  the  cap  of  foam 
upon  a  gigantic  wave. 

It  is  of  the  greatest  importance  that  meteorologists  should  agree  on  the 
names  by  which  the  various  clouds  should  be  known,  and  there  is,  I  believe, 
an  international  scientific  committee  engaged  in  settling  this  point,  and  until 
we  have  their  recommendations  we  can  only  go  on  using  the  names  given 
them  in  1808  by  Luke  Howard,  an  English  Quaker  gentleman,  whose  portrait 
you  will  see  in  the  Exhibition,  and  who  in  his  daily  business  walks  studied 
well  the  sky,  until  he  was  able  to  fi  ame  a  list  of  names  for  the  clouds,  by 
which  names  they  have  since  been  known  all  over  the  world. 

But  Mr.  Symons,  who  is  always  unearthing  some  treasure,  has  called  my 
attention  to  the  work  about  the  same  time  of  Lamarck,  who  published  in  his 
Annuaire  MSUorologique  a  very  careful  system  of  cloud  names. 
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As  early  as  the  year  10  (not  of  onr  era,  but  of  that  of  the  first  Frenoh 
Bepablic)  he  gave  as  a  classified  list  of  clouds.  In  the  Annuaire  for  1802 
he  divides  clouds  into  : — 

Nuunges  en  voile.    The  veil  cloud,  which  answers  to  our  haze  or  mist. 

Nouagee  nttroupee.  The  gathered  np  or  assembled  clouds,  which  corres- 
pond generally  to  our  cumulus  and  strato-cumulus. 

His  next  class  was  that  of  Nonages  pommeUs,  or  dappled  clouds,  which 
are  now  known  as  cumulus. 

He  then  describes  Nonages  en  balayures,  the  swept  cloud,  which  he  com- 
pares to  the  marking  left  in  dust  by  the  action  of  a  broom.  This  is  clearly 
our  mare*s  tail  or  cirrus  cloud. 

Then  come  Nonages  gronpes^  or  our  cumulo-nimbus,  the  true  thunder- 
cloud, which  from  a  flattish  base  rises  to  a  great  height  in  the  air  with  the 
upper  borders  always  clearly  cut  against  the  sky,  and  described  by  him  as 
rounded,  lobed,  mammellated,  and  festooned..  He  further  makes  the  obser- 
vation that  the  most  rounded  and  clearly  cut  edges  are  always  on  the  side 
towards  the  sun.  He  puts  this  down  as  a  rule  without  any  exception, 
and  ascribes  it  to  the  impulses  given  by  the  suxi*s  light  to  the  vesicles  of 
water  forming  the  cloud,  on  the  shady  side  of  which,  he  says,  one  may  see 
torn  edges  and  fissures  which  contrast  with  the  close  texture  and  sharp 
margin  of  the  sunuy  side. 

He  promised  to  embody  all  this  in  a  book  to  be  called  ThSorie  de  VAtmo- 
sphere^  but  I  do  not  know  if  he  ever  did  so. 

In  the  year  18  (of  the  French  Bepublic)  Lamarck  had  amplified  his  list  to 
twelve  classes  of  clouds,  and  his  names  may  be  freely  translated  as  misty, 
bordered,  veil-like,  frame-like,  inflated,  barred,  swept,  dappled,  gathered, 
racing,  grouped,  and  thunder  clouds. 

Each  of  these  classes  he  splits  up  into  from  three  to  six  varieties,  for 
instance,  the  barred  cloud  he  divides  into  coufluent,  isolated,  obscure,  undu- 
lating, and  partially  dappled  clouds,  showing  he  was  a  careful  observer  of  the 
cirrus  group.  In  all,  he  describes  81  different  varieties  under  separate  names. 
He  then  describes  8  kinds  of  fine  weather  skies,  6  of  medium,  and  12  of  bad 
weather.  The  whole  treatise  is  interesting  and  well  worthy  of  translation 
into  English. 

In  1808  the  Annuaire  had  begun  to  count  the  years  in  the  usual  way,  and 
had  dropped  the  names  of  the  months  Nivose,  Pluvieuse,  &c.  for  plain  Jan- 
uary and  February,  but  had  adopted  what  he  called  **  meteorological  *' 
months  as  well  as  the  usual  ones. 

The  names  given  to  the  clouds  by  our  own  Luke  Howard  are,  however, 
those  most  in  use  not  only  in  England  but  in  other  countries.^ 

He  called  the  lower  clouds — almost  resting  on  the  earth, — Straius,  which 
we  may  for  popular  purposes  call  the  sheet  cloud. 

Then  came  Nimbus,  which  is  a  rain  cloud,  then  ^Cumulus,  which  is  the 
heaped  up  accumulated,  or  wool-pack-shaped  cloud  of  our  summer  skies. 

Lastly  the  Cirrus,  popularly  known  as  the  mare's  tail  cloud  of  eveiy  day 

talk. 

I  Howard*!  Classio  Treatise  has  been  recently  reprinted  in  English  by  Dr.  Hellmann. 
A.A8her<feOo.    Berlin,  1894. 
MSW  SEBIBS. — ^VOL.  XZ. 
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I  will  not  here  tarouble  yon  with  the  complete  definitions  as  (^ven  by 
Howard,  nor  with  the  mixed  varieties  which  are  intermediate  between  the 
main  forms  already  described,  such  as  the  cirro-cumulns  or  mackerel  sky, 
which  in  popular  phrase  means  **  neither  long  wet  nor  long  dry." 

There  are  still  simpler  systems  proposed,  by  ranging  clonds  under  two 
heads,  the  striped,  and  the  rounded  stratus  and  cumulus,  all  the  variations 
depending  (say  the  advocates  of  this  system)  on  the  height  in  the  air,  the 
grouping  and  the  position  of  the  clouds,  the  same  cloud  which  appears  large 
and  round  near  the  earth  becoming  a  mere  dot  when  high  up  in  the  sky. 

Whatever  system  of  naming  and  classifying  the  clouds  be  adopted,  it 
should  depend  on  the  heights  of  the  various  clouds  in  the  air,  and  I  shall  hope 
to  show  you  a  few  rough  rules  by  which  the  comparative  altitudes  of  the 
clouds  may  be  judged,  when  there  is  no  time  or  opportunity  to  make  exact 
measures.  Not  one  of  these  rules  is  infallible  or  strictiy  exact,  but  by  keeping 
them  in  mind  the  observer  will  soon  learn  to  know  by  a  sort  of  acquired 
instinct  whether  a  cloud  is  low  or  high.  Even  with  the  best  instrumental 
means  a  liberal  margin  for  error  must  be  allowed,  on  account  of  the  vague  and 
trausient  forms  with  which  one  has  to  deal. 

Nor  is  it  really  important  to  know  to  a  foot  or  even  a  chain,  how  high  a 
cloud  is.  It  is  enough  if  we  can  get  a  general  and  correct  notion  of  the 
position  of  certain  clouds  as  a  class,  for  we  may  be  very  sure  that  inherent 
discrepancies  will  be  at  least  equal  to  the  errors  caused  by  our  defective 
modes  of  estimation. 

The  first  indication  of  a  cloud*s  height  in  the  air  is  to  be  gathered  from 
its  form  and  outline.  The  softened  forms  are  well  known  of  the  ground 
mists  which  creep  along  the  earth's  surface,  and  which  can  be  seen  rolling 
up  the  sides  of  hills  or  accumulating  in  a  valley,  and  showing  us  that  they 
belong  to  the  lowest  5,000  feet,  or,  let  us  say,  the  lowest  mile  of  the  air. 
Then  come  the  heaped  up  or  rounded  forms  of  the  Cttmultis  which  may  be 
said  to  frequent  the  air  between  1  and  8  miles  from  the  earth*s  surface. 

The  mixed  varieties  of  the  heaped  and  striped  clouds  range  between  8  and 
4^  miles  high,  whilst  from  4^  to  6,  8,  or  even  10  miles,  we  have  the  domain 
of  the  filamentous  and  feathery  forms  of  the  cirrus  or  mare's  tail  cloud. 

The  second  indication  of  height  is  the  shade  or  the  shadow  of  the  cloud. 
I  shall  call  shade  that  darkness  which  is  on  the  object  itself — its  shady  side  ; 
but  the  shadow,  or  cast  shadow,  is  the  darkness  caused  on  some  other  object 
by  the  intervention  of  the  first  between  it  and  the  light. 

Now  the  low  clouds  and  mists  may  be  seen  to  have  few  shades  or  shadows, 
and  these  of  so  vague  and  indeterminate  a  character  as  not  to  arrest  atten- 
tion. Bat  the  clouds  of  middle  air  are  distinguished  by  very  definite  shades 
and  shadows  too,  while  generally  the  upper  clouds  (over  4^  miles)  have  no 
shades,  nor  do  they  cast  shadows,  either  on  the  eaiih  or  on  each  other.  A 
painter  puts  them  in  with  one  sole  colour. 

The  third  indication  of  height  is  the  apparent  size  of  the  cloud,  and, 
roughly  speaking,  smallness  in  the  cloud  is  an  indication  of  greater  height. 
Xhe  actual  size  may  not  vary  much,  but  the  same  cloud  seen  at  1  mile 
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and  at  6  miles  distance  appears  a  very  different  object.  The  small  spotted, 
and  minutely  subdivided,  shadowless  cirms  cloud  is  always  high.  Large , 
cloak-like  clouds  belong  to  middle  air.  I  am  not  taking  the  torn  portions  of 
the  lower  clouds,  or  the  wrack,  as  it  is  called,  into  account,  though  these 
may  be  called  small  clouds  also,  but  they  are  easily  known  by  their  rapid 
moTements. 

Another  guide  to  the  height  is  the  apparent  movement  of  the  cloud;  and 
as  a  general  rule  the  quicker  a  cloud  seems  to  move  across  the  sky  the 
lower  it  is.  This  is  in  accordance  with  the  well-known  sight  seen  from  the 
window  of  a  fast  train  rushing  through  a  park-like  country,  where  the  nearer 
trees  seem  to  gallop  past  at  a  furious  rate,  while  the  distant  ones  scarcely 
seem  to  move,  or  by  contrast  appear  to  be  going  in  an  opposite  direction. 
As  a  matter  of  fact  the  upper  clouds  nearly  always  move  much  faster  than 
the  lower,  and  the  speed  of  the  upper  air  may  often  be  very  correctly  esti- 
mated by  watching  the  march  of  the  cloud  shadows  over  a  tolerably  level 
country.  On  February  2nd  of  this  year  (Candlemas  Day),  for  instance,  I 
noticed  the  cloud  shadows  coursing  over  Bampstead  Heath  at  the  rate  of 
48  miles  per  hour,  just  about  double  the  speed  of  the  wind  on  the  surface  of 
the  earth. 

The  shape  of  the  clouds,  with  their  fronts  well  raised,  like  crests,  showed, 
too,  that  the  higher  currents  were  moving  still  faster,  and  it  must  be  remem- 
bered that  the  cloud  cannot  move  so  fast  as  the  wind  which  drives  it.  As 
this  observation  of  cloud  shadows  was  made  on  Candlemas  Day,  when  the 
sun  shone  brightly,  it  enables  me  to  give  another  blow  to  an  old  superstition ; 
for  according  to  all  weather  wisdom,  we  should  have  had  a  second  winter 
after  that  had  happened.  You  all  know  how  signally  in  tliis  year  the  adage 
has  failed.     Old  Candlemas  or  St.  Valentine's  Day  was  also  sunny  this  year. 

The  fifth  point  of  attack  in  estimating  the  height  of  some  clouds  is  their 
perspective  effect.  I  may  say  that  this  observation  applies  more  particu- 
larly to  one  form  of  cumulus  cloud,  which  is  often  seen  rolling  up  in 
successive  waves  or  bars,  and  which  has  given  it  the  name  of  BoU  Oumulue. 

These  are  shown  in  the  photograph  by  Mr.  Davies,  which  I  shall  put 
before  you ;  but  first  I  must  ask  you  to  consider  a  diagram  showing  the 
difference  in  the  perspective  effect  of  the  wave-like  clouds  according  as  they 
are  higher  or  lower  in  the  air. 

Let  the  eye  on  Figs.  1  and  2  be  that  of  a  spectator  looking  at  the  sky 
through  a  plate  of  glass  B  C,  and  endeavouring  to  mark  on  the  glass  the 
places  where  he  sees  each  wave  of  cloud.  If  the  clouds  are  equidistant  and 
low  he  will  get  the  marks  in  the  position  shown  in  Fig.  1,  J,  where  there  is 
a  rapid  falling  off  in  the  spaces  between  the  lines. 

In  the  second  case,  where  the  clouds  are  high,  he  will  get  his  marks  on  the 
glass  plate  more  equidistant,  as  shown  in  Fig.  2,  A, 

So  that  it  may  be  said  of  waves  of  cloud  as  of  those  of  water,  that  tlie 
nearer  the  point  of  view  is  to  their  level  the  larger  do  the  nearer  spaces 
appear  in  comparison  to  the  distant  ones. 

I  show  you  actual  photographs  of  these  two  characters  of  clouds,  and  I 
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will  have  one  of  them  inverted  in  the  lantern  for  the  purpose  of  showing  how 
near  is  the  resemblance  between  the  waves  of  water  and  those  of  air,  for  if  it 
were  not  for  the  ship  upside  down,  you  might  easily  take  the  appearance  of 
these  clouds  for  breakers  rolling  in  upon  the  shore. 


no  t      low  clouo 


^^''- 
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HIGH     CLOUOS 


I  have  made  a  little  instrument  to  aid  in  this  mode  of  estimating  the  alti- 
tude of  clouds ;  it  consists  of  an  oblong  frame  with  wires  radiating  from 
one  corner,  and  with  a  bar,  A^  pivoted  on  the  frame  so  as  to  eross  the 
radiating  wires  at  any  angle.     (Fig.  8.) 


nc  3 
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The  instrument  is  so  held  between  the  eye  and  the  clouds  that  the  bar  A 
seems  to  cut  the  wires  in  the  same  proportion  as  it  does  the  horizontal  cloud 
lines  seen  beyond.  The  bar  A  is  always  to  be  vertical.  The  position  of  A 
upon  the  frame  indicates  the  height  of  the  cloud  series  above  the  earth,  which 
height  would  be  infinite  if  the  bar  were  parallel  with  the  top  of  the  frame  and 
infinitely  low  when  the  bar  is  at  right  angles  to  the  first  position,  and  where 
the  observer  would  be  actually  in  the  cloud, 
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Of  eoarpe  it  would  apply  to  any  eqaidistant  bodies,  sach  as  trees  or  houses 
seen  through  it,  and  would  give  approximately  the  spectator's  position  with 
respect  to  them.  I  may  say  that  every  alternate  wire  or  every  alternate 
cloud  may  be  taken  if  more  convenient.  It  is  also  obvious  that  the  same 
series  of  clouds  seen  from  the  earth,  and  again  seen  from  the  top  of  a  very 
high  tower,  would  require  different  positions  of  the  bar  to  correspond  with  the 
effects  seen  from  these  different  points  of  view. 

The  sixth  way  of  forming  a  judgment  of  the  cloud  heights  is  also  of 
limited  application,  but  is  of  much  greater  accuracy,  and  it  consists  of  obserr- 
ing  for  how  long  a  time  the  cloud  remains  directly  illuminated  after  sunset. 
In  other  words,  how  long  a  time  elapses  between  sunset  on  the  earth  and 
sunset  on  the  cloud.  I  must  again  ask  you  to  look  at  a  diagram  (Fig.  4), 
only  promising  you  that  I  will  show  you  afterwards  some  of  Nature's  own  work 
in  the  way  of  cloud  pictures. 

Let  the  circle  be  the  earth  supposed  to  be  seen  from  a  point  above  the 
North  Pole.  The  arrow  shows  the  way  the  earth  is  turning  round  from  west 
to  east  at  the  rate  of  15^  per  hour. 

S  is  the  direction  of  the  sun,  which  is  of 
course  just  setting  at  A.    When  the  earth  jz^ 

has  turned  through  15°,  so  as  to  bring  A  to  /^  V 
D,  then  a  cloud  woold  have  to  be  as  high  /  \ 
as  C  to  catch  the  sun's  rays.  / 

I  have  exaggerated  the  angle  to  make    | 
the  principle  clearer.  I  ric.  4  / 

^  ^  is  the  earth's  radius,  say  4,000  miles     \  / 

in  round  numbers,  and  C  D,  the  height       \^  y^ 

sought,  is  found  to  be  the  difference  be-  ^ -^""^^ 

tween  what  is  called  the  secant  of  the  angle  (15°  in  this  case)  and  the  earth's 
radius  multiplied  by  the  said  secant. 

This  is  all  plain  sailing  for  the  mathematician,  as  he  has  tables  of  these 
secants  for  every  possible  angle.  In  the  case  I  have  imagined  the  spectator 
is  supposed  to  be  on  the  equator,  the  sun's  declination  is  zero,  and  the  cloud 
is  in  the  zenith,  but  it  may  be  anywhere  on  a  meridian.  For  other  latitudes 
and  seasons  the  case  is  more  complicated,  but  I  may  say  that  under  the  con- 
ditions named,  if  a  cloud  caught  the  sun's  rays  1  hour  after  sunset  it  would 
have  to  be  140  miles  from  the  earth's  surface,  while  if  it  could  be  conceived 
to  be  visible  so  long  as  4  hours  (during  which  the  earth  would  have  turned 
through  an  angle  of  60°,  the  cloud  or  object  would  have  to  be  4,000  miles 
removed  from  the  surface,  because  the  secant  of  60°  is  just  double  the 
radius.  I  found  after  working  out  this  method  that  it  had  been  previously 
applied  by  our  esteemed  Fellow,  Prof.  Archibald,  in  calculating  the  height  of 
the  zone  of  volcanic  dust  with  which  the  volcano  Erakatoa  encircled  the 
earth  in  1888.  Prof.  Archibald,  in  the  Report  to  the  Royal  Society,  gives 
the  whole  formula,  and  I  find  that  an  American  observer  at  Potosi  has  also 
used  it  in  estimating  the  height  of  a  particular  group  of  clouds,  and  which 
be  found  to  be  10  miles  above  the  surface  of  the  eaith. 
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I  commend  this  to  oar  merchant  captains,  who  may  find  themselves  becalmed 
in  the  doldrums,  as  they  will  there  be  nnder  very  favourable  conditions  for  mak- 
ing the  observations,  which  are  very  simple,  and  can  be  worked  out  at  leisure ; 
for  the  place  of  the  ship,  the  date,  and  the  moment  of  the  disappearance  of 
the  sun*s  light  from  the  cloud,  are  all  the  particulars  necessary  to  note  at  the 
time.     Full  tables  may  perhaps  be  forthcoming  to  assist  in  this  calculation. 

Mr.  Wingfield,  an  Australian  observer,  has  proposed  to  estimate  the  cloud 
heights  from  the  position  of  their  shadows;  but  this  method,  though 
ingenious,  is,  I  am  afraid,  impracticable  on  account  of  the  difficulty  of 
identifying  at  a  distance  the  shadow  of  any  particular  cloud,  also  that  the 
thickness  of  the  cloud  causes  its  distant  shadow  to  be  very  different  in  pro- 
portions from  the  observer's  view  of  the  cloud  itself. 

Now  all  these  methods  come  under  the  description  of  rough  and  ready 
rules;  but  the  plan  of  taking  the  altitudes  of  clouds  by  the  usual  processes 
of  trigonometrical  surveying  ought  to  be  considered,  but  I  can  do  no  more 
than  mention  the  general  scheme,  and  give  an  illustration  of  perhaps  the 
simplest  possible  case. 

It  is  well  known  that  if  two  angles  and  a  side  of  any  triangle  are  known, 
all  the  other  measures  of  the  triangle  can  be  calculated,  and  it  follows  that  if 
from  the  ends  of  an  accurately  measured  base  line  on  the  ground  two  ob- 
servers take  simultaneously  the  angle  which  a  line  to  the  cloud  forms  with 
the  base,  then  it  is  only  a  matter  of  calculation  to  compute  the  cloud*s 
height. 

If  there  should  be  one  person  present  to  whom  this  is  not  clear,  I  will  put  a 
more  simple  case,  which  might  occur  in  estimating  the  height  of  a  balloon  (I 
take  this  because  it  is  a  more  definite  object  than  a  cloud,  but  the  principle 
is  the  same). 

Let  B  (Fig.  5)  be  a  ballooni  which  at  a  given  time  is 
vertically  over  some  object,  such  as  a  church  spire,  C,  and 
an  observer  at  A  is  noting  at  the  same  time  that  a  line  to 
the  balloon  makes  an  angle  of  45°  (or  half  a  right  angle) 
with  the  ground.  ABC  then  is  half  of  a  square  divided 
diagonally,  and  therefore,  as  all  the  sides  of  a  square  are 
equal,  B  C,  the  balloon's  height,  is  equal  to  the  distance 
r>o  5  AC  measured  on  the  ground  or  on  a  map. 

The  merest  guess  at  the  height  of  a  cloud  from  which  rain  is  falling  may 
be  given  by  taking  note  of  the  size  and  speed  of  rain  drops,  and  it  is  a 
common  observation  (how  true  I  do  not  know)  that  when  rain  drops  fall  into 
water  and  throw  up  bubbles,  the  rain  is  likely  to  last  a  long  time. 

The  cloud  velocities  at  high  altitudes  have  been  carefully  noted  at  the 
Blue  Hill  Observatory,  near  Boston,  U.S.,  and  show  practically  that  at  about 
6  miles  height  the  movement  is  three  times  as  fast  in  summer  and  six  times 
in  winter,  as  compared  with  the  currents  on  the  earth's  surface.  In  a  new 
work  by  Prof.  W.  M.  Davis,  called  Elementary  Meteorology,  there  are  many 
interesting  facts  about  the  speed  of  the  wind  at  various  altitudes.  The  rule 
deems  to  be  that  the  higher  the  level  the  faster  the  movement,  bat  theM 
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must,  of  couise,  be  a  level  of  maximum  speeJ,  thoug'i  the  position  of  this  is 
not  yet  ascertained  exactly. 

I  show  yon  some  pictures  of  stratus  clouds,  which  must  be  regarded  as  the 
infant  form  of  cloud  hovering  near  its  parent  eartli  or  sea.  Sometimes 
it  may  be  watched  on  a  fine  evening  in  summer  melting  away  into  the 
air  like  ice  in  water.  The  rate  of  disappearance  is  almost  incredibly 
rapid,  whole  acres  vanishing  in  a  minute  of  time.  In  these  cases  the 
edges  become  smoother,  and  the  fish-like  sbape  of  the  cloud  becomes 
apparent,  and  generally  the  rounded  side  is  below  and  the  flattest  above. 

As  to  the  cumulus,  or  what  may  be  called  the  adult  form  of  cloud,  I  have 
already  mentioned  something  about  it  in  speaking  of  cloud  heights,  but  the 
photographs,  of  which  there  are  a  great  many,  and  generally  very  beautiful 
examples,  will  show  you  more  than  any  verbal  description. 

There  is  one  picture  of  what  at  first  sight  seems  a  cumulus  cloud  nestling 
under  the  falls  of  Niagara,  but  this  is  really  a  mass  of  ice  constantly  augmented 
by  the  freezing  of  the  spray  from  tbe  cataract.  It  is  a  fossil  cloud,  as  it  were, 
showing  the  lines  and  contours  of  its  prototypes,  which  are  floating  in  the 
air.  '  It  will  be  observed  that  this  frozen  cumulus  grows  by  additions  to  its 
upper  side. 

Now  the  cirrus  clouds,  of  which  it  is  more  difficult  to  give  you  any  perfect 
examples  on  account  of  the  difficulty  of  photographing  them,  may  be  con- 
sidered as  clouds  in  old  age,  and  which  have  passed  through  the  previous 
infantile  and  adult  conditions  I  have  ahready  named.  They  are  to  all  appear- 
ance moving  much  more  slowly  than  other  clouds,  but  this  is  only  a  decep- 
tion which  arises  from  their  distance  from  the  observer,  they  really  move 
faster  than  the  lower  clouds.  It  is  almost  proved  that  they  consist  entirely 
of  fine  crystals  of  ice,  because  of  the  great  cold  at  their  altitude,  which  would 
not  allow  of  the  existence  of  vapour  there.  Then  their  effects  in  causing 
halos  correspond  with  the  known  optical  properties  of  ice,  and  in  addition  to 
these  considerations,  aeronauts  have  several  times,  when  at  great  heights  in 
the  air,  passed  into  cloudy  masses  of  fine  spicular  ice. 

Though  cirrus  clouds  are  generally  relics  and  vestiges  of  other  clouds,  yet 
on  their  descent  they  have  been  observed  to  become  centres  of  condensation 
and  have  again  grown  into  the  lower  forms  of  cloud,  and  it  is  reasonable  to 
suppose  that  the  fine  rain  into  which  they  would  dissolve  may  sometimes  be 
converted  again  into  cloud  before  it  has  time  to  reach  the  earth.  They 
seem,  according  to  the  Hon.  Balph  Abercromby,  to  be  found  in  all  parts  of 
the  world,  and  it  is,  therefore,  to  be  expected  that  those  seen  in  the  tropics 
are  at  a  greater  height  than  their  polar  cousins,  also  that  they  are  more  apt 
to  form  in  cold  nights  after  hot  days,  but  as  they  are  mostly  invisible  at 
night  one  cannot  be  certain  if  this  is  the  case.  It  has  not  been  my  fortune 
to  see  cirms  clouds  changing  into  any]  of  the  lower  forms,  but  I  have  at 
muset  seen  murky  patches  of  lower  clouds  arrested  under  them  and  evidently 
ready  to  coalesce. 

Cixtns  clouds  and  their  cirro-cumulus  (mackerel  sky)  neighbours  may 
occupy  several  layers  of  the  atmosphere  and  move  in  different  directions  at 
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varioas  heights,  and  I  exhibit  to  you  a  photograph  of  several  strata  of  cionds 
one  above  another.  Sometimes  ice  or  snow  particles  will  drop  from  the 
uppermost  and  pass  through  the  whole  series,  getting  saccessive  coatings  of 
ice  vamifih  as  they  pass  downward  until  they  arrive  on  the  earth  in  the  form 
of  enormous  hailstones,  the  photographs  of  some  of  which  I  show  you. 
This  is  without  supposing  the  hail  stones  to  make  loops  in  their  course  and 
rise  again  into  the  clouds  even  more  than  once,  a  thing  we  know  to  be  pos- 
sible, from  the  effects  of  tornados  which  sometimes  carry  still  heavier  objects 
into  the  air.  But  all  this  is  carefully  gone  into  by  the  Hon.  Bollo  Russell 
in  his  excellent  monograph  Oa  Hail,  The  same  author  has  given  us  some 
valuable  rules  respecting  cirrus  clouds,  and  I  only  regret  that  he  has  not 
secured  photographs  of  some  of  the  quaint  forms  he  so  well  decribes. 

He  has  mentioned  auroral  cirrus,  filmy  cirrus,  sheet  or  pallio  cirrus,  tufted 
or  shower  cirrus,  fish  bone  or  vertebrate  cirrus,  as  well  as  radial,  curdled, 
barred,  and  ribbed  cirrus,  but  he  does  not  propose  these  as  names  for 
adoption  but  only  adjectives  chosen  by  himself,  for  purposes  of  description. 
The  Rev.  W.  Clement  Ley  has  also  given  new  names  to  many  varieties 
of  the  cirrus  clouds,  but  we  hope  to  some  day  see  all  his  results  in  his  great 
work  on  the  subject.     Mr.  Gaster  is  also  studying  this  subject. 

With  regard  to  some  other  matters  concerning  the  higher  air,  one  cannot 
avoid  a  few  words  of  reference  to  what  are  known  as  the  auroisd  borealis 
or  australis,  literally  the  northern  or  southern  dawns,  as  they  were  named  by 
Gassendi,  who  acted  as  their  godfather.  They  are  sometimes  seen  in  these 
latitudes,  but  never  in  the  degree  of  splendour  with  which  they  paint  the  skies 
of  polar  regions.  Professor  Lemstrom,  of  Helsingfors,  has  given  to  the  world, 
in  his  truly  noble  book  on  the  subject,  all  that  is  certainly  known  of  the 
phenomena,  and  he  has  added  to  his  description  a  great  many  very  striking 
drawings,  two  of  which  I  can  show  you ;  but  they  are  seen  at  once  when 
magnified  on  the  screen  to  want  the  finish  and  perfection  of  photographs. 
Professor  Lemstrom  not  only  studied  the  auroras  in  the  sky,  but  he  actually 
produced  a  similar  effect  by  an  arrangement  of  rods  and  wires  which  sent  long 
beams  of  naturally  produced  electricity  into  the  air,  closely  imitating  the  real 
phenomena  in  kind  if  not  in  magnitude.  Columns  of  light  ascended  from 
his  apparatus  more  than  100  yards  into  the  air. 

The  auroral  displays  of  greatest  brilliance  occur  at  intervals  more  or  less 
regular,  corresponding  with  the  periods  of  greatest  magnetic  disturbance^ 
which  in  their  turn  appear  in  sympathy  with  the  greatest  number  of  spots 
which  are  seen  upon  the  sun. 

The  height  of  the  auroral  display  above  the  earth  is  found  by  Dr.  Paulsen 
to  range  between  61  metres  and  about  67  kilometres,  or,  say,  41  miles,  well 
within  the  limits  of  the  atmosphere,  though  apparently  the  fiery  trains  never 
seem  to  reach  the  surface  of  the  earth,  and  they  have  been  observed  lower  in 
elevation  the  further  north  they  have  been  met  with. 

Some  of  the  auroral  drawings  give  the  notion  of  hosts  of  spear-armed 
warriors,  and  remind  one  of  the  passage  in  Julius  C»sar,  where  Calphumia 
says  she  has  seen — 
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**  Fierce  fiery  warriors  fight  upon  the  clouds 

"  In  ranks  and  squadrons  and  right  form  of  war/*  or  again  in  the  same 

play,  when 
**  Exhalations  whizzing  in  the  air  "  are  mentioned. 
With  the  researches  of  Prof.  Dewar  hefore  us  on  the  liquefaction  of  the 
air,  we  can  scarcely  refrain  from  speculating  as  to  what  would  he  the  electric 
efftict  if  the  upper  air  in  Polar  regions  should  actually  liquefy  and  descend  in  a 
sort  of  cascade  to  he  reconverted  into  air  hefore  it  reached  the  earth.  We  are 
told  that  the  cold  measured  on  the  surface  sometimes  descends  in  high  lati- 
tudes to  as  low  as  —  60°  Centigrade,  and  it  is  not  difficult  to  imagine  that  a 
few  miles  from  the  surface  the  temperature  might  sink  another  12(P,  and 
that  we  should  so  obtain  the  conditions  for  converting  the  higher  zones  of  air 
into  a  liquid.  In  a  recent  auroral  display  several  observers  remarked  trans- 
verse patches  like  cirrus  clouds  crossing  the  general  lines  of  the  discharge. 

Although  not  strictly  a  phenomenon  of  the  upper  air,  I  have  the  pleasure  • 
to  show  you  a  picture  of  a  rainbow  as  photographed  successfully  by  Col. 
Saunders,  of  Cheltenham.  It  will  be  seen  that  the  space  inside  the  bow  is 
much  more  brightly  illuminated  than  that  outside,  and  the  same  thing  is 
shown  in  a  photograph  by  the  Bev.  F.  C.  Lambert,  which  yon  will  see  upon  the 
walls.  Regarding  rainbows  I  may  say  that,  under  favourable  conditions,  Uiey 
may  be  sometimes  seen  very  near  to  noon,  and  I  have  seen  one  in  Spain  as 
late  as  11.80  a.m.  For  this  you  require  a  mountain  background  to  the  north, 
and  you  may  then  get  a  low  outer  bow  shown  against  the  grey  hills  behind. 
This  is,  no  doubt,  (as  Mr.  C.  L.  Prince  has  pointed  out)  the  rainbow  at  midday 
alluded  to  by  Seneca,  and  which  expression  has  been  erroneously  translated 
as  a  rainbow  in  the  south. 

There  is  also  a  photograph  showing  the  corona  round  the  sun,  and  Mr. 
A.  Stroh  is  to  be  congratulated  in  having  so  well  succeeded  in  depicting  this 
beautiful  effect. 

For  all  these  photographic  illustrations  we  are  grateful  to  those  who  have 
so  successfully  overcome  the  difficulties  and  have  favoured  us  by  lending 
their  hard-won  results. 

To  Professor  Riggenbach,  Mr.  Cohen,  Mr.  Clayden,  Mr.  Davis,  Mr.  Stroh, 
Mr.  Birt  Acres,  Mr  Charters  White,  Col.  Saunders,  Admiral  Maelear,  Mr. 
Hussey,  Mr.  Hall,  and  to  the  Sciopticon  Company  we  give  our  very  best 
thanks. 

I  have  to  conclude  by  making  a  practical  suggestion,  and  to  urge  the 
desirability  of  establishing  somewhere  in  these  islands  a  good  cloud  observa- 
tory. The  times  are  ripe  for  such  an  institution,  which  need  not  be  for  a 
permanence,  but  which  could  do  a  great  deal  towards  fixing  our  knowledge  of 
the  clouds  and  upper  air  currents,  say  in  10  years,  or  in  even  half  that  period. 
The  photographic  facilities  are  now  complete,  the  difficulties  have  prac- 
tically vanished,  and  we  have  lenses  which  will  command  a  quarter  of  the 
visible  sky,  we  have  plates  which  are  specially  sensitive  to  the  red  rays  of 
the  spectrum,  and  screens  or  mirrors  which  will  filter  off  the  too  active  blue- 
violet  raysi  and  depict  the  most  delicate  markings  even  against  a  bright  sky. 
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Pictures  may  be  taken  in  the  most  rapid  succession  by  merely  touching  ^ 
trigger,  and  results  can  be  printed  as  permanently  as  any  documentj  legal  or 
otherwise,  which  emanates  from  the  press.  We  only  want  a  suitable  tower 
giving  us  a  free  horizon,  and  the  benefactor  to  bear  the  expense. 

The  modest  funds  at  the  disposal  of  this  Society  would  not  enable  us, 
unassisted,  to  undertake  the  inquiry,  and  one  can  only  hope  for  some  liberal 
augmentation  to  our  research  fund,  founded  by  Dr.  Williams,  my  predecessor, 
to  help  us  on  in  this  or  other  directions.  Other  nations  are  doing  so  much 
that  England  ought  not  to  be  behind. 

This  Society  is  not  so  much  concerned  with  the  bare  utility  of  Meteorology 
as  with  making  large  additions  to  human  knowledge  in  a  skyward  direction. 
We  are  encouraged  in  our  pursuit,  however,  by  the  results  which  sometimes 
happen,  even  in  a  commercial  sense,  and  M.  de  Parville,  a  French  author, 
has  estimated  the  saving  to  British  navigation  alone  as  10  millions  sterling 
per  year  resulting  from  the  better  knowledge  of  the  course  of  winds  and 
currents,  which  first  became  available  after  the  publication  of  Maury's 
famous  charts.  It  used,  he  says,  to  take  250  days  to  sail  to  Sydney  and 
back  from  this  country,  and  it  can  now  be  done  in  half  the  time. 

Just  as  the  Greek  or  Egyptian  geometer,  who  first  busied  himself  with  the 
various  properties  of  conic  sections,  could  never  have  dreamed  that  long 
ages  afterwards  mirrors  would  have  been  constructed  on  his  rules,  which 
from  lighthouses  on  every  coast  would  flash  a  warning  light  over  the  ocean 
and  be  a  boon  and  a  blessing  to  the  navigators  of  all  future  time — so  in 
some  measure  is  it  with  the  study  of  the  air,  we  go  on  feeling  its  pulses, 
examining  its  properties,  and  analysing  its  constitution,  not  merely  with  the 
hope  of  being  able  to  reduce  what  seem  to  be  its  whims  and  caprices  to  an 
orderly  sequence,  and  so  to  bind  it  to  the  service  of  man,  but  with  the 
satisfaction  which  all  civilised  beings  must  feel  in  extending  human  inquiries 
further  and  further  beyond  the  bounds  of  the  known,  into  the  vaster  regions 
of  the  yet  unlearnt. 
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LUKE    HOWARD,    F.R.8. 

(Frontispiece.) 


As  the  sabject  selected  for  this  year's  Exhibition  of  the  Boyal  Meteoro- 
logical Society  was  '*  Clouds :  their  Representation  and  Measurement/'  it  has 
been  thought  desirable  that  a  portrait  of  Luke  Howard,  F.B.S. — who  may 
almost  be  termed  the  father  of  English  meteorology,  and  who  was  the 
author  of  Howard's  cloud  nomenclature — should  be  given  in  the  Quarterly 
Journal  along  with  the  Catalogue  of  the  Exhibition. 

The  portrait  in  the  Frontispiece  has  been  taken  from  a  crayon  drawing 
made  by  Bedford  about  1848,  and  now  in  the  possession  of  Mr.  W.  DiUworih 
Howard,  F.R.Met.Soc. 

The  following  biographical  notice  has  been  taken  from  the  Proceedings  of 
the  Royal  Society,  Vol.  XIV.  :— 

Luke  Howabd  was  bom  in  London  in  1772,  a  date  which  carries  us  back 
to  the  early  years  of  the  reign  of  George  III.,  and  opens  a  long  vista  of 
history  in  which  great  political  changes  are  rivalled  by  the  grandest  dis- 
coveries of  modern  science. 

Luke  Howard*s  parents,  members  of  the  Society  of  Friends,  sent  their 
son  to  a  country  school  in  North  Oxfordshire,  where,  as  he  was  accustomed 
to  say  in  after  life,  <*  he  learnt  too  much  of  Latin  grammar  and  too  little  of 
anything  else."  But  having  even  then  an  observing  eye,  be  began  to  notice 
the  appearances  of  the  sky  and  forms  of  clouds ;  and  his  inclination  towards 
meteorology  appears  to  have  been  fixed  by  his  impressions  of  the  remarkable 
atmospheric  and  meteoric  phenomena  which,  as  those  acquainted  with  the 
history  of  meteorology  will  remember,  characterised  the  year  1788. 

From  school  young  Howard  went  as  apprentice  to  a  chemist  at  Stockport, 
which  was  then  a  quiet  country  town.  In  this  situation  he  devoted  his  spare 
hours  to  the  course  of  self- improvement  which  he  had  already  begun,  and 
acquired  that  knowledge  of  French,  botany,  and  the  principles  of  chemistry 
which  was  so  useful  to  him  in  after  years.  The  quickening  effect  produced 
on  his  mind  by  the  works  of  Lavoisier  he  described  as  ''  like  sunrise  after 
morning  moonlight,"  an  effect  which  has  been  felt  by  many  a  student. 

In  1798  he  entered  into  partnership  with  William  Allen,  whose  reputation 
as  a  manufacturing  chemist  has  long  been  recognised.  This  connection,  how- 
ever, was  brought  to  an  amicable  close  a  few  years  later,  and  Howard,  taking 
as  his  portion  the  laboratory  at  Plaistow,  applied  himself  to  the  business 
therewith  connected,  and  to  his  favourite  scientific  pursuits.  Making  use  of 
his  observations  of  natural  phenomena,  he  wrote  a  paper  On  the  ModificaHom 
of  Clouds,  and  read  it  at  a  meetiug  of  the  Askesian  Society,  of  which  he  and 
his  friend  Allen  were  members.  This  paper,  as  he  himself  tells  us,  **  the 
result  of  his  early  boyish  musings,  enriched  by  the  observations  of  many  a 
walk  or  ride,  morning  and  evening,  to  or  from  his  day's  work  at  the  labora- 
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tory,"  was  published  in  1808,  and  made  known  the  author's  name  and  ability 
to  a  wider  circle.  The  Askesian  was  not  a  publishing  Society ;  otherwise 
Luke  Howard  might  have  been  better  known  than  he  is  as  a  pioneer  in 
departments  of  science  besides  meteorology.  *<  I  know,"  writes  one  of  his 
friends,  ''  that  one  or  more  of  his  papers  related  to  atmospheric  electricity, 
and  another  was  an  anticipation  of  the  cell  theory,  as  regards  the  structure 
and  functions  of  plants,  founded  on  microscopic  investigations." 

Many,  if  not  all,  the  articles  on  meteorology  in  Bees's  Cyelopadia  were 
written  by  Luke  Howard.  He  contributed  a  series  of  papers  to  the  Athenaum 
embodying  the  results  of  his  meteorological  observations  from  the  year  1806 ; 
and  these  he  published  in  two  volumes  (1818-20),  under  the  title  Climate  of 
London  deduced  from  Meteorological  Observations  made  in  the  neighbourhood. 
This,  republished  in  1888,  in  three  volumes,  has  become  one  of  our  standard 
works  on  meteorology. 

Luke  Howard  was  elected  a  Fellow  of  the  Royal  Society  in  1821.  From 
that  time  his  reputation  as  a  meteorologist  increased,  and  eminent  persons 
in  many  parts  of  the  world  opened  a  correspondence  with  him,  which,  in 
some  instances,  became  the  initiation  of  a  lasting  friendship.  Although  the 
increased  perfection  of  philosophical  apparatus  has  superseded  some  oi  his 
methods  of  observation,  there  can  be  no  doubt  that  his  labours  imparted  more 
of  scientific  character  to  meteorology  than  it  had  ever  received  before.  His 
classification  of  clouds  is  the  one  still  recognised  at  all  observatories,^  and 
remains  an  evidence  of  the  quick  eye  he  had  for  form  and  colour,  and  of  the 
daily  labour  which  was  to  him  a  labour  of  love.  One  who  knew  him  well  in 
the  latter  part  of  his  life  says,  <*  Those  who  lived  with  him  will  not  soon 
forget  his  interest  in  the  appearance  of  the  sky.  Whether  at  morning,  noon, 
or  night,  he  would  go  out  to  look  around  on  the  heavens,  and  notice  the 
changes  going  on.  His  intelligent  remarks  and  pictorial  descriptions  gave  a 
character  to  the  scene  never  before  realised  by  some.  A  beautiful  sunset  was 
a  real  and  intense  delight  to  him  ;  he  would  stand  at  the  window,  change  his 
position,  go  out  of  doors,  and  watch  it  to  the  last  lingering  ray  ;  and  long 
after  he  ceased,  from  failing  memory,  to  name  the  *  cirrus,'  or  <  cumulus,'  he 
would  derive  a  mental  feast  from  the  gaze,  and  seem  to  recognise  old  friends 
in  their  outlines." 

Sharing  in  the  active  beneficence  of  the  Society  of  Friends,  Luke  Howard 
readily  aided  endeavours  for  the  religious  and  moral  as  well  as  the  material 
welfare  of  the  community.  Not  least  important  among  these  was  the  seeking 
to  mitigate  by  pecuniary  means  the  sufferings  of  the  Germans  during  the 
campaigns  immediately  preceding  the  first  abdication  of  Napoleon.  In 
Ackworth  school — a  well  known  establishment  of  the  Friends — ^he  took  a 
lively  interest ;  and  to  participate  the  more  directly  therein,  as  well  as  to 
offer  hospitality  to  the  aimual  visitors  to  the  school,  he  bought  Ackworth 
Villa  estate  in  1828,  making  it  his  summer  residence,  and  Tottenham  his 
winter  residence,  during  the  greater  part  of  his  life. 

In  1796  Luke  Howard  married  Mariabella  Eliot,  a  member  of  the  same 


1  Written  in  1864. 
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Bociefy  wifb  which  he  was  himself  connected.  Of  their  ttmly  of  seTen 
children  two  sons  only  sarvived  their  parents.  Abont  his  eightieth  year  he 
was  mnch  enfeebled  by  alarming  attacks  of  iUness ;  and  the  death  of  his  wife 
following,  after  a  union  of  fifty-six  years,  added  sorrow  to  his  weakness. 
Henceforward  his  life  was  a  subdued  waiting  for  the  end.  He  died  at 
Tottenham  on  the  21st  March  1864. 

Besides  the  works  above  mentioned  he  published— 

E$$ay  on  the  ModificaUoM  of  Claudi,  1882 ; 

Sev$n  Leeturn  on  MeUorohgy^  1887 ; 

A  Cycle  of  eighteen  yean  in  the  Seaeone  rf  Britain^  de.^  1842 ; 

Barometrographia — Twenty  yeare'  variation  qf  the  Barometer  in  the  Climate 
iff  Britain,  1847 ; 

Papon  on  Meteorology,  1850-54  ;  and 

The  Yorkehireman,  a  religions  and  literary  Periodical  in  5  Vols.,  1888-87. 


CLOUDS: 
THEIR  REPRESENTATION  AND  MEASUREMENT. 


Gatalogae  of  tbe  Fonrteentb  Exhibition  of  Instnunents, 

Held,  by  permission  of  the  Oouncil  of  the  Institution  of  Civil  Engineers,  at 
25  Great  George  Street,  Westminster,  S.W. 

APRIL  10th  to  20th,  1894. 


INSTBUMENTS  FOB  ASOEBTAINING  THE  DIBEOnON  AND 
HEiaHT  OF  CLOUDS. 

1.  Ooddard*B  Clond  Mirror.         Exhibited  by  F.  C.  Bayakd,  F.R.MetSoc. 

2.  Clond  Mirror.  Exhibited  by  L,  p.  Casella,  F.R.Met.Soc. 

3.  Circular  Clond  Mirror.  Exhibited  6y  L.  P.  Casella,  F.R.MetBoc. 

4.  Fineman's  Nephoscope.    This  consists  of  a  tripod  standing  on  levelling 

screws,  bearing  a  compass  needle  in  a  circular  brass  frame  moveable 
round  a  vertical  axis.  The  lid  of  the  compass  case  is  formed  of  a 
mirror  of  black  glass  provided  with  a  small  circular  window  of  clear 

glass  through  which  the  point  of  the  needle  is  observed.  The  mirror 
ears  on  its  surface  radial  lines  for  the  principal  points  of  the  com- 
pass,  and  three  circles  distant  (26*8  mm.)  from  each  other.  At  the 
extremity  of  the  diameter  passing  through  the  window,  and  opposite  to 
it,  is  a  vertical  graduated  scale  moved  by  a  ratchet  wheel  and  milled 
head  screw.  Tne  scale  is  raised  or  lowered  till  the  image  of  a  cloud 
seen  at  the  centre  of  the  mirror  exactly  coincides  with  the  end  of  a 
line  passing  from  the  observer's  eye  throuffh  the  point  of  the  scale  to 
the  centre  of  the  mirror.    Exhibited  by  the  MbtsoholooicaIi  Council. 
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5.  Nephosoope  deyised  by  Lieat-Oen.  B.  Straohey,  F.S.8.   This  consists 

of  a  circular  mirror  enclosed  in  a  brass  frame  which  is  marked  for 
eight  points  and  for  every  10^  Parallel  lines  distant  0*4  in.  apart 
are  ruled  across  the  mirror,  which  is  moveable  round  a  vertical  axis. 
Levelling  screws  are  fitted  to  the  instrument. 

Exhibited  by  the  Meteorological  Council. 

6.  NephoBCope  devised  by  Mr.  F.  Galtoiif  F.R.S.    This  consists  of  a  circular 

brass  frame  standing  on  levelling  screws.  The  bevelled  edge  is  marked 
to  eight  points,  and  graduated  to  10^  On  this  frame  and  moveable 
about  a  vertical  axis  is  a  mirror,  and  abuve  it,  moving  with  it,  is  a 
rectangular  frame  with  five  horizontal  rods.  The  images  of  these 
horizontal  lines  can  be  brought  into  parallelism  with  the  direction  of 
motion  of  a  cloud.  Exhibited  by  the  Meteorological  CoaNCiL. 

7.  Photo-Nephograph  designed  by  Capt.  Abney,  F.R.8.,  for  the  regis- 

tration of  the  velocity  and  direction  of  motion  of  Cloads.  (See 
Reports  of  the  Meteorological  Council  for  the  years  1879  and  1881.) 

Exhibited  by  t/ie  Meteorological  Council. 

8.  Hodel  showing  manner  in  which  the  pair  of  Photo-Nephographs  are 

mounted  for  use.  Exhibited  by  tJie  Meteorological  Council. 

9.  Camera  for  photographing  Clouds  and  Lightning,  with  a  mirror  of 

black  glass  attached.  Exhibited  by  A.  W.  Clayden,  F.R.Met.Soc. 

10.  Photographic  Theodolite  for  measuring  the  height  of  CIoud& 

Exhibited  by  MM.  L.  Teisserenc  de  Bort  and  (Jt.  Raymond. 

11.  Slide  Rule  devised  by  Lieut-Gen.  Strachey,  F.B.S.,  to  facilitate  the 

computation  of  Cloud  heights  and  distances.  This  scale  is  con- 
structed for  use  with  measurements  of  the  azimuth  and  zenith  distances 
of  clouds  made  from  either  end  of  the  base  of  2,400  feet.  It  consists  of 
four  scales,  the  upper  being  that  uf  log.  sines,  and  the  lowest  that  of  log. 
numbers,  the  log.  of  2,400  ft.  coinciding  with  log.  sin  90°.  The  upper  slide 
is  graduated  with  log.  sines  of  small  angles  on  the  same  scale,  and  has  two 
index  marks,  one  at  0°34'23",  the  log.  sin  of  which  is  8*00000,  and  the  other 
at  6°44'21",  the  log.  sin- of  which  is  9-00000.  The  lower  slide  is  gradu- 
ated with  log.  tangents  Z,  the  scale  corresponding  to  that  of  the  sines. 
To  use  the  rule  the  index  of  the  upper  slide  is  set  to  the  angle  A  on 
the  upper  scale  ;  the  index  of  the  lower  slide  is  then  set  to  tne  angle 
A-B  on  the  upper  slide,  and  below  it  on  the  lower  fixed  scale  will  be 
found  the  distance  in  feet,  while  below  the  angle  Z  upon  the  lower 
slide  will  be  found  the  height  of  the  cloud  in  feet. 

Exhibited  by  the  Meteorological  Council. 

12.  Instrument  designed  by  Sir  0. 0.  Stokes,  Bart,  F.R.S.,  for  determining 

the  height,  and  rate,  and  direction  of  motion,  of  Clouds  from 
photographs.  Photographs  of  a  cloud  are  taken  simultaneously  by 
two  cameras  placed  at  either  end  of  a  measured  base,  a  second  set 
being  taken  after  a  given  interval,  say  of  1  or  2  minutes.  A  print  of 
one  of  the  four  negatives  thus  obtained  is  placed  upon  a  sheet  of  paper, 
upon  which  cross  lines  have  been  ruled  to  allow  of  the  picture  being 
properly  adjusted,  and  with  a  needle  a  prick  is  made  through  the  posi- 
tion of  the  point  of  the  cloud  which  has  been  selected  for  measurement : 
this  process  is  repeated  for  each  of  the  remaining  pictures  of  the  set. 
The  sheet  of  paper,  which  now  contains  four  holes,  is  placed  over  the 
square  aperture  in  the  diaphragm  of  the  instrument,  which  is  fixed  at  a 
distance  from  the  lens  at  the  end  equal  to  the  focal  length  of  the 
camera  lens.  Another  sheet  of  paper  is  then  pluced  on  the  moveable 
board  beyond  the  diaphragm  which,  by  means  of  the  divided  arc  at- 
tached to  it,  is  set  to  the  zenith  distance  of  the  cameras  at  the  time  the 
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photographs  were  taken.  The  instrament  being  now  placed  so  that  a 
strong  light  is  allowed  to  pass  through  the  lens  on  to  the  diaphragm, 
four  spots  of  light  will  be  formed  upon  the  paper  on  the  board ,  which 
being  joined  will  form  a  parallelogram,  two  opposite  sides  of  which  will 
give  the  drift  of  the  cload  on  Uie  same  scale  as  the  other  two  sides 
represent  the  distance  between  the  two  cameras.  The  direction  of  the 
drift  is  readily  obtained  from  the  position  of  the  one  pair  of  sides 
relatively  to  the  other,  the  latter  being  parallel  to  the  measured  base, 
the  bearings  of  which  are  of  course  known.  The  product  of  the  distance 
from  the  lens  to  the  board  and  the  length  of  the  measured  base  in  feet, 
divided  by  the  length  of  the  side  of  the  parallelogram  parallel  to  the 
base,  gives  at  once  the  height  of  the  cloud  in  feet. 

Exhibited  by  the  Mbteoroloqigal  Ck)UNCiL. 

13.  Apparatus  for  ascertaining  the  height^  and  direction,  and  rate  of 
motion  of  donde  from  photographe;  devised  by  the  late  0.  M. 
Whipple^  B.Sc  In  this  case  simultaneous  photographs  of  a  cloud  are 
taken  by  two  cameras  at  either  end  of  a  measured  base,  and  fixed  in 
such  a  way  that  their  optical  axes  point  to  the  zenith.  The  dark  slides 
of  the  cameras  carry  a  pair  of  fiducial  lines  at  right  angles  to  each 
other,  and  adjusted  so  that  one  of  the  lines  shall  be  parallel  to  the 
measured  base,  and  these  lines  are  reproduced  upon  the  cloud  photo- 
graphs. The  two  negatives  are  superimposed  in  the  sliding  frames  of 
the  apparatus,  which  are  then  moved  till  the  images  of  the  cloud 
exactly  coincide,  when  the  parallax  will  be  given  by  a  line  joining  the 
intersections  of  the  fiducial  lines.  The  parallax  having  been 
measured  by  a  pair  of  compasses,  the  height  of  the  cloud  can  be  at 
once  determined  by  means  of  the  curve  A  (exhibited  No.  107).  A 
similar  operation  is  then  performed  with  one  of  the  same  negatives, 
and  a  second  taken  in  the  same  camera  after  the  lapse  of,  say,  one 
minute.  The  pictures  having  been  made  to  coincide  as  before,  the  dis- 
tance between  the  intersections  of  the  fiducial  lines  will  now  indicate 
the  drift  of  the  cloud.  The  direction  of  the  drift  is  indicated  by  the 
position  of  the  line  joining  the  two  intersections  relatively  to  the 
fiducial  line  parallel  to  the  oase.  The  velocity  of  the  drift,  or  in  other 
words  the  rate  of  motion  of  the  cloud,  is  found  graphically  by  means 
of  the  diagram  B  exhibited. 

Exhibited  by  the  Meteorological  Council. 

14.    Appliance  for  estimating  the  height  of  Clouds  of  the  BoU  Comnlus 
^6  by  means  of  their  perspective  effoct. 

ExIUbited  by  R.  Inwards,  Pres.R.Met.Soc. 


THEBM0HETER8. 

15.  Hypeometer  for  measuring  mountain  heights  by  the  temperature  of 

the  vapour  of  boiling  water.  Exhibited  by  L.  P.  CasIslla,  F.R.Met.Soc. 

16.  Thermometer  for  Balloon  observations.    A  mercurial  thermometer  with 

very  long  cylindrical  bulb  in  mahogany  frame. 

Exhibited  by  the  Meteorological  Council. 

17.  Alarm  Thermometer  by  MM.  Richard  Fr^res.    This  consists  of  a  flat 

but  slightly  curved  tube  filled  with  liquid,  the  bottom  end  of  which  is 
fixed.  To  the  upper  end  is  attached  a  rod  which  moves  an  index  hand 
in  front  of  a  dial,  thus  indicating  the  temperature.  There  are  also  two 
adjustable  indices  which  can  be  set  to  any  desired  temperatures,  so  that 
when  the  indicating  hand  touches  these,  electric  contact  is  made  and  a 
bell  set  ringing.  Exhibited  by  L.  P.  Casella,  F.R.Met.Soc. 
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HTOB0METER8,  EVAPORATORS,  fte. 

18.  Dew  Point  Calculator.  This  consists  of  a  dry  and  wet  bulb  thennometer, 
to  each  of  which  is  attached  a  fixed  and  ad! ustable  index  connected  with 
a  pointer  for  showing  on  an  adjoining  scale  the  temperature  of  the  dew 
point.  Exhibited  by  J.  F.  Spoko,  M.R.C.S. 

19*  Inverted  Tnbe  Hygrometer.  This  arrangement  dispenses  with  the  water 
vessel  beneath  the  wet  bulb  thermometer ;  and  also  registers  the  amount 
evaporated  from  the  surface  of  the  bulb,  from  which  the  amount  of 
evaporation  per  square  foot  for  small  surfaces  can  be  obtained. 

Exhibited  by  H.  Hainsby. 

20.  Vaponr  Condensor.    This  indicates  the  hygrometric  condition  of  the  air 

by  the  amount  of  condensation  of  vapour  on  the  surface  of  the  plate  at 
the  time  of  observation  ;  also  the  probable  rainfall  for  the  following 
24  hours,  the  face  of  the  plate  becoming  wet  in  proportion  to  the  amount 
of  moisture  prevailing  at  the  time.  Exhibited  by  H.  Hainsby. 

21.  Compensating  Siphon  Evaporator  for  large  water  snrfaeee.    This 

apparatus  being  connected  by  a  pipe  with  any  sized  tank  desired,  enables 
an  observer  to  see  by  the  sipnon  gauge  the  rate  of  evaporation  from  the 
large  tank,  and  also  the  amount  of  evaporation,  without  any  alteration 
in  the  volume  of  water  in  the  tank.  It  can  also  be  used  as  a  rain  gauge 
on  a  large  scale  if  required.  Exhibited  by  H.  Hainsby, 

22.  Lonvred  Glass  Evaporator.     This  evaporator  is  constructed  entirely  of 

glass,  in  order  to  permit  access  of  the  sun*s  rays  to  influence  the 
evaporation  of  the  water  contained  therein.  It  is  surmounted  by  a 
louvred  glass  hood  to  protect  the  water  from  rain,  birds,  &c.,  but  this 
allows  the  free  circulation  of  air  through  it  The  contents  can  be 
measured  by  the  usual  means. 

Exhibited  by  Dr.  W.  G.  Black,  F.R.Met.Soc. 


MABINE  INSTBUMENT8. 

23.  Model  of  Bottle  for  collecting  samples  of  sea  water  flrom  moderate 

depths.  This  instrument  is  intended  for  use  where  the  sea-disturbance 
is  so  great  as  to  make  the  action  of  slip  water  bottles  uncertain.  At 
either  end  of  the  cylindrical  bottle  is  a  tap,  tubes  from  which  terminate 
close  together  above  the  bottle,  pointing  upwards.  The  taps  are  closed 
by  extending  a  spring  and  hooking  the  upper  rod  to  the  catch,  aod  the 
instrument  is  let  down  to  the  required  depth.  A  *^  Rung  "  messenger 
sent  down  the  line  relieves  the  catch  and  opens  both  taps,  admittmg 
water  and  allowing  air  to  escape,  ^.s  the  two  tubes  are  in  the  same 
horizontal  plane  there  is  no  tendency  for  the  water  to  change  while  the 
bottle  is  brought  to  the  surface. 

Exhibited  by  H.  N.  Dickson,  F.R.Met.Soc. 

24.  Eeating's  Hydrometer.  Exhibited  by  J.  J.  Hicks,  F.R.MetSoc. 


ANEMOMETERS. 


25.  Dines*8  Pressure  Tnbe  Anemometer.  Recording  pattern,    (^ee  Quarterly 

Journal,  Vol.  XVIII.  p.  166). 

Exhibited  by  R.  W.  Mdnro,  F.R.Met.Soc. 

26.  Dines's  Pressure  Tnbe  Anemometer^  indicating  the  velodty  at  sight 

and  also  registering  the  maximum.      (See  Quarterly  Journal,  Vol. 
XIX.  p.  16).  Exhibited  by  R.  W.  MuNRO,  F.R.Met.Soc. 
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27.  Itiii68*B  Preflsnre  and  Velocity  Oaoge  for  use  with  the  Tube  Anemo- 

meters. The  instrument  shows  on  the  scale  the  greatest  velocity  that 
has  occurred  since  it  was  last  set  by  means  of  the  level  of  the  water 
in  the  glass  tube.  It  is  set  hj  removing  the  plug  and  pouring  water 
into  the  funnel  at  the  top  until  the  water  begins  to  flow  from  the  open- 
ing at  the  side.  The  plug  is  then  replaced,  and  the  quantity  of  water 
forced  out  by  the  wind  leaves  a  record  of  the  maximum  force  that  has 
occurred.  Exhibited  hy  R.  W.  Munro,  F.R.Met.Soc. 

28.  Capdl-Davifl  Anemometer  for  ascertaining  velooitiea  over  SO  fb  per 

second.  This  instrument  is  designed  to  test  such  high  velocities  as 
would  endanger  the  Biram  or  Davis's  self-timing  Anemometer.  The 
instrument  is  4  ins.  in  diameter  and  reads  to  ten  million  feet. 

Exhibited  by  Messrs.  John  Dayis  &  Son. 


TBAVELLEBS'  INSTRITMENTS. 
29.  Qoad'S  Oeodetio  Altazimnth.  This  is  an  adaptation  of  the  Galton 
Pocket  Altazimuth  for  use  as  a  hand  instrument  in  exploring  work,  as 
well  as  for  surveys  requiring  the  greatest  precision  either  on  the  sur- 
face  or  in  mines  and  other  workings.  In  this  instrument  the  compass 
box  is  so  connected  to  the  clinometer  drum  that  it  can  either  be  folded 
flat  against  the  end  of  the  same,  or  turned  to  a  position  in  which  the 
axis  of  the  compass  is  so  mounted  that  it  may  be  rotated  about  the 
axis  of  the  clinometer,  a  circle  graduated  to  correspond  to  the  clino- 
meter scale  being  provided  to  enable  the  compass  to  be  adjusted  to  a 
horizontal  position  by  reference  to  the  reading  of  the  clinometer. 

Exhibited  by  L.  T.  Gasella,  F.R.Met.Soc. 

50.    Universal  Snn  Dial  for  any  position  north  or  south  of  the  eouator  with 
2J  in.  divided  circle.  Exhibited  by  L.  P.  Casella,  F.K.Met.Soc. 

31.  Artificial  Horiaon  of  parallel  black  glass,  with  level  and  adjusting  screws. 

Exhibited  by  L.  P.  Casella,  F.R.Met.Soc. 

32.  Artificial  Horizon,  mounted  on  gimbals. 

Exhibited  by  L.  P.  Casblla,  F.R.Met.Soc. 

33.  Hick^S  Circnlar  Level,  with  the  fluid  hermetically  sealed. 

Exhibited  by  J.  J,  HiCKS,  F.R.Met.Soc. 


BABOMETEBS. 

84.   Bartmm's  Open  Scale  Barometer.  -BajAiWfeoJ^J.  J.HicK8,P.R.Met.Soc. 

35.    Calendar's  CJompensating  Open  Scale  Barometer.  ^^  t>  m  ♦  a  . 

Exhibited  by  J.  J.  HiCKS,  F.R.Met.Soc. 


SKETCHES  AND  PHOTOOBAPHS  OP  CLOUDS. 

36.  Portrait  of  Lnke  Howard,  F.B.S.    Bom  November  28th,  1772;  died 

March  21st,  1864.    Drawn  by  Bedford  about  1843.    (See  frontispiece.) 
'  Exhibited  by  W.  D.  Howard,  F.R.Met.Soc. 

37.  Olonds  gathering  for  a  Thnnderstorm.    An  original  sketch  by  the  late 

Luke  Howard,  P.R.S.     "  A  sky  full  of  specimens  of  the  pec^ar  forms 
assumed  by  the  clouds  when  gathering  for  a  thunderstorm.    (The  dense 
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cloada  in  front,  though  characteristic  as  forms,  are  not  enough  shrotfded 
in  a  gloomy  distance.)  The  Nimbus  behind,  on  the  left,  is  better 
placed,  and  shows  crossed,  as  is  at  times  the  case,  by  a  dense  cirro- 
stratus.  The  Cirro-cumulus,  next  above,  is  highly  characteristic  in  ita 
structure  ;  and  the  large  dense  Cirrus  above  belongs  equally  to  approach- 
ing thunder.  March  1849."  Exhibited  by  W.  D.  Howabd,  F.R.MetSoc. 

38.  The  Commenoement  of  a  Stratus.    An  original  sketch  by  the  late  Luke 

Howard,  F.R.S.  "  This  picture  presents,  mixed  with  the  objects  common 
to  a  landscape,  the  commencement  of  a  Stratus,  or  evening  mist,  creep- 
ing, as  it  rises,  through  the  valley,  to  become  shortly  a  dense  body  of 
cloud,  resting  with  a  lever  surface  on  the  ground  like  a  lake  of  water ; 
and  possibly,  on  the  morrow,  covering  the  country  with  a  fog.  Above, 
in  the  blue  sky,  are  features  of  Cirrus.    March  1849.'* 

Exhibited  by  W.  D.  Howard,  P.R.Met.Soc. 

39.  Bough  Hodels  illustrating  the  Forms  of  Clouds. 

Exhibited  by  F.  Gabteb,  F.R.MetSoc 

40.  Cloud  Photographs  taken  by  Hons.  Paul  Oamiw  at  the  Observatory, 

BoulogneHSor-Beine,  1889. 

Exhibited  by  the  Rotal  METEOROLoaiCAL  Society. 

41.  Cloud  Photographs  taken  at  the  Santis  Observatory^  Switaerland. 

ExJUbited  by  Prof.  A.  Rigobnbach-Bitrckhardt. 

42.  Thunder  Clouds,  August  1st,  1890,  taken  from  the  Santis  Observa- 

tory, Switzerland.  (See  Meteoroloyische  Zeit9chrift,  Band  8,  1891, 
p.  96.)  Exhibited  by  Prop.  A.  Riggenbach-Burckhardt. 

43.  Thunderstorm  at  Sydney,  Hay  Slst,  1892.   A  series  of  six  photographs 

taken  by  Mr.  H.  C.  Russell,  F.R.S.,  between  3.0  and  4.59  p.m. 

Exhibited  by  the  Royal  Meteorological  Society. 

44.  Festooned  Cumulus.    Two  photographs  showing  part  of  a  storm  cloud 

which  passed  over  Sydney,  New  South  Wales,  January  18th,  1893. 

Exhibited  by  the  Royal  Meteorological  SociErr. 

45.  Clouds  preceding  a  ^  Southerly  Burster  "  at  Sydney,  New  South  Wales, 

November  13th,  1893,  6  p.m.  Exhibited  by  H,  C.  Russell,  F.R.S. 

46.  The  Cloud-Boll  of  the  ''Southerly  Burster"  at  Sydney,  New  South 

Wales,  November  13th,  1893, 7  p.m.    Exhibited  by  H.  C.  Russell,  F.R.S. 

47.  Cloud  Photographs.  Exhibited  by  Dr.  F.  G.  Smart,  F.R.Met.Soc, 

48.  Cloud  Photographs  taken  at  Paris.         Exhibited  by  Mons.  a.  Angot. 

49.  Thunder  Clouds.    Taken  by  Dr.  F.  Drewitt  in  Northamptonshire,  July 

1887.  Exhibited  by  the  Royal  Meteorological  Society. 

50.  Tornado  Cloud,  Jamestown,  Dakota,  June  6th,  1887.    Two  photo- 

graphs.   The  cloud  funnel  was  12  miles  to  the  north. 

Exhibited  ly  the  Royal  Meteorological  Society. 

61.  Tornado  Cloud.    Taken  in  the  storm  of  June  22nd,  1888,  showinc  the 

spiral-shaped  funnel  trailing  at  a  considerable  altitude  in  the  air  at  the 
other  side  of  a  lake,  New  Hampshire,  U.S. 

Exhibited  by  the  Royal  Metborological  Society. 

62.  Collection  of  the  Cloud  Photographs,  which  are  reproduced  in  Singer's 

Cloud  il/Z(w,  and  which  are  arranged  according  to  the  classification 
proposed  by  the  Hon.  R.  Abercromby  and  Dr.  H.  H.  Hildebrandsson. 

ExkibiM  by  Dr.  K.  Singsk. 
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53.  Photog^raphs  of  OirruB  and  Cirro-cumQlnB  Cloncls. 

Exhibited  by  Mons.  G.  Raymond. 

54.  Set  of  Cloud  Photographs.  Exhibited  by  Db.  A.  Spruno. 

55.  Clouds  taken  at  the  Vatican  Observatory,  Rome,  under  the  direction  of 

Padre  F.  Denza,  by  Signer  Mannucci. 

Exhibited  by  tfie  British  Association  Committee  on  the 
Application  of  Puotographt  to  Meteorology. 

56.  Cloud  Photographs  illustrating  Capt.  D.  Wilson-Barker's  proposed 

Cloud  Nomenclature. 

Exhibited  by  Capt.  D.  Wilson-Barkee,  F.R.Met.Soc. 

57.  Cloud  types :  Cirrus,  Cumulus^  and  Cirro-stratus. 

Exhibited  by  BiRT  Acres. 

58.  Clouds  taken  by  reflection  from  a  black  glass  Mirror^  on  Mawson  and 

Swan's  Photo-mechanical  plates. 

Exhibited  by  A.  W.  Clayden,  F.R.Met.Soc. 

59.  Cloud  Photographs.    Two  frames.      Exhibited  by  the  Kew  Committee. 

60.  Three  framed  Photographs  of  Clouds.  Exhibited  by  L.  Cohen. 

61.  Frames  containing  Photographs  of  Cloud  Sulgects. 

Exhibited  by  CoL.  H.  M.  Saunders. 

62.  Poey's  Classification  of  Clouds.         Exhibited  by  G.  J.  Symons,  F.R.S. 

63.  lUnstrations  of  Cloud-forms,  being  first  proofs  from  Capt.  FitzRoy's 

Voyage  of  the  Beagle,  1839. 

Exhibited  by  the  Meteorolooical  Council. 

64.  Representation  of  the  Forms  of  Clouds^  given  in  Admiral  FitzRoy's 

Log  Book,  Exhibited  by  the  Meteorological  Council. 

65.  Sketches  of  Cloud  Forms  by  the  late  Mrs.  Toynbee. 

Exhibited  by  the  Meteorological  Council. 

66.  Typical  varieties  of  Clouds.     Illustrating  the  Rev.  W.  Clement  Ley's 

Lecture  on  "  Clouds  and  Weather  Signs  *'  in  Modem  Meteorology ^  1879. 
Exhibited  by  the  RoYAL  Meteorological  Society. 

67.  Drawing  showing  typical  Forms  of  Clouds  with  their  names  and  usual 

height  in  the  atmosphere,  and  a  scale  of  feet  and  miles,  with  sketches  of 
comparative  heights  of  mountains,  &c.  for  comparison. 

Exhibited  by  R.  Inwards,  Pres.R.Met.Soc. 

68.  Plate  showing  method  of  measuring  Heights  of  Cloud.    (From  J.  F. 

G16ckner*s  De  Pondere  Nubiam,  1722). 

Exhibited  by  G.  J.  Symons,  F.R.S. 

69.  Illustrations  of  Cloud-forms.    From  On  the  Modifications  of  Clouds,  &c„ 

by  Luke  Howard.    First  edition,  1803. 

Exhibited  by  G.  J.  Symons,  F,R.S. 

70.  Hellmann's  *'  Neudrucke  von  Schriften  und  Earten  uber  Heteorologie 

und  Erdmagnetismus."  No.  3.  Containing  reprint  of  Luke  Howard's 
memoir  **  On  the  Modifications  of  Clouds,"  1808,  with  facsimiles  of  the 
three  pUtes.  Exhibited  by  Dr.  G.  Hellmann. 

71.  Illustrations   of  Cloud-forms.       From    Researches   about  Atmospheric 

Fhemmena,    By  T.  Forster.    Third  edition.     1823. 

Exhilnted  by  G.  J.  Symons,  F.R.S, 
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72.  DlnstratioilS    of  Cloud-forms,     From    Meteorology,     By  G.  Harvey, 

F.R.S.    Encyclopaedia  Metropolitana,    1884. 

ExhibiUd  by  G.  J.  SYM0N8,  P.R.S. 

73.  ninstrations  of  Primary  and  Secondary  Clond-forms,  from  Maury*B 

Sailing  Directions,  Eighth  edition,  1859. 

Exhibited  by  the  RoYAL  METBOROLoaiCAL  Society. 

74.  ninatrations  of  Cloud-formB.     From  Essay  on  the  Modifications    of 

Clouds,  by  Luke  Howard,  F.R.S.    Third  edition,  1865. 

Exhibited  by  G.  J.  Symons,  F.R.S. 

75.  Dlnatrations  of  Clond-forms.     From  Clouds,  their  Forms  and  Combina- 

tions.   By  Elijah  Walton.    Third  edition,  1873. 

Exhibited  by  the  Meteorological  CouNaL* 

76.  ninatrations  of  Cloud* forms.      From  "Atlas  donnant  les  principales 

formes  des  nuages  avec  un  r^sumS  de  leur  classification ;  *'  par  P. 
Weilbach.  1881.  Anntuiire  de  Plnstitut  MitSorologiqm  du  Dane- 
mark).  Exhibited  by  G.  J.  Symons,  F.R.S. 

77.  Illustrations  of   Cloud-forms.      From    Le  Monde  Physique:   par  A. 

A.  Guillemin.    Tome  V.    La  Meteorologie.    1885. 

Exhibited  by  G.  J.  Symons,  F.R.S. 

78.  ''  Measurement  of  Cloud  Heights  and  Velocities  at  the  Blue  Hill 

Meteorological  Observatory/*  being  Part  III.  of  Vol.  XXX.  Annals 
Harvard  College  Observatory.  Exhibited  by  A.  L.  Rotch,  F.R.Met.Soc. 

79.  Singer's  ^'  Wolkentafeln."  Exhibiud  by  Dr.  K.  Singer. 


SKETCHES  AND  PHOTOGfiAPHS  OF  METEOBOLOGICAL 
PHENOMENA. 

80.  Lightningf  June  SSth,  1892.    Two  enlargements  of  photographs  taken 

by  Mr.  G.  Corden  at  Croydon,  8.45  to  9  p.m. 

Exhibited  by  the  Royal  Meteorological  Society. 

81.  Lightning,  June  28th,  1892.     Enlargement  of  photograph  Uken  by 

Mr.  R.  11.  Pickel  at  Bexley  at  10.30  p.m. 

Exhibited  by  the  Royal  Meteorological  Society. 

82.  Lightning  at  Sydney,  December  7th,  1892.    Two  photographs  taken 

by  Mr.  H.  C.  Rassell,  F.R.S.,  at  the  Observatory.     The  point  at  which 
the  flash  struck  the  water  was  2,000  ft.  from  the  camera. 

Exhibited  by  the  Royal  Meteorological  Society. 

83.  Cedar  Tree  struck  by  Lightning,  July  18th,  1892,  at  Tyntesfield  Park, 

Wraxall,  near  Bristol. 

Exhibited  by  the  Royal  Meteorological  Society. 

84.  Prost  Fronds  on  Window. 

Exhibited  by  the  Royal  Meteorological  Society. 

85.  Site  of  Waterspouts  at  Langtoft,  near  Driffield,  June  9th,  1888,  and 

July  3rd)  1892.     (See  Quarterly  Journal  of  the  Royal  Meteorological 
Society,  Vol.  XIX.,  p.  1.) 

Exhibited  by  the  RoYAL  Meteorological  Society. 

86.  After  the  Flood  at  Langtoft,  near  Driffield,  July  Srd,  1892.    (Two 

photographs.)         Exhibited  by  the  Royal  Meteorological  Society, 
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B7.  Hailstones  (actual  susa)  which  fell  at  Bichmond^  Yorkshire,  July 
Sth^  1893-  (Two  photographs.)  Some  of  the  hailstones  were  more 
than  2  ins.  in  diameter. 

Exhibited  by  the  Royal  Meteorological  Society. 

88.  Damage  by  Hail  to  Conservatory  in  the  Bog  Valley  QardenS)  Harro- 

gate, July  8tb,  1893. 

Exhibited  by  the  Royal  Meteorological  Society. 

89.  Old  Sulphur  Well,  Harrogate.    This  photograph,  which  was  taken  in 

November  1893,  shows  the  marks  made  upon  the  lead  roof  by  the  bail^ 
stones  that  fell  during  the  terrific  thunderstorm  on  July  8th. 

Exhibited  by  the  Royal  Meteorological  Society. 

90.  Iron  Booiing  perforated  by  Hail,  October  13th,  1892,  at  Tulcumbah, 

New  South  Wales. 

Exhibited  by  the  RoYAL  Meteorological  Society. 

91.  Atmospheric  Phenomena  consisting  of  coloured  Solar  Halos,  Parhelia, 

a  wliite  Circle  around  the  sun,  and  an  Anthelion,  as  seen  at  Gosport, 
March  29th,  1848.    Drawn  by  Mr.  J.  H.  Maverley. 

Exhibited  by  the  Royal  Meteorological  Society. 

92.  Solar  Halos  seen  at  Weymouth,  April  g8th,  1883.    Ck>]onred  sketch 

by  Mr.  J.  T.  See.  Exhibited  by  W.  Marriott,  F.R.MetSoc. 

93.  Photograph  of  Bainbow*  Exhibited  by  Re 7.  F.  C.  Lambert. 

94.  Snow  Scenoi  Tunbridge  Wells,  Apra  1892. 

Exhibited  by  Db.  F.  G.  Smart,  F.R.Met.Soc. 

95.  Photograph  of  Fog  on  January  12th,  1888,  taken  from  the  top  of  the 

Worcestershire  Beacon  (1,390  ft.  above  sea-leyel),  about  700  ft.  above 
the  general  level  of  the  fog  which  covered  the  whole  of  the  surround- 
ing country.    Above  the  fog  there  was  bright  sunshine  and  clear  sky. 
Exhibited  by  the  RoYAL  Meteorological  Society. 

96.  Twilight  and  AJter-Qlow  efTects  at  Chelsea,  November  26th,  1883. 

(Sea  Beport  of  the  Krahatoa  Committee  of  the  Royal  Society,  1888). 

Exhibited  by  H.  S.  Wallis,  F.R.Met.Soc. 

97.  Diagrams  illustrating  Erakatoa  Volcanic  Dust  collected  1,000  miles 

from  the  place  of  eruption.    Enlarged  10,000  diameters. 

Exhibited  by  W.  F.  Stanley,  F.R.Met.Soc. 

98.  **  The  Daily  Qraphic.''    Drawings  used  to  illustrate  the  Weather 

Forecasts.  Exhibited  by  C.  Hardino,  F.R.Met.Soc. 


PHOTOGBAPflS  AND  DIAQBAMB  OF  INSTRUMENTS. 

99.  Daguerreotfype  showing  the  collection  of  apparatus  for  Mr.  Welsh's 
Balloon  Ascents  at  Vauzhall  Qardens,  July  1852,  with  likenesses 
of  several  members  of  the  Kew  Committee  of  that  date. 

Exhibited  by  the  Kew  Committee. 

100.  Photographs  of  Mr.  J.  Glaisher,  FA.S.,  and  Mr.  H.  Cozwell  in  the 

ear  of  a  Balloon,  with  meteorological  instruments  in  position. 

Exhibited  by  G.  J.  Symons,  F.R.S. 

101.  Photograph  showing  the  arrangement  of  the  Meteorological  Instru- 

ments adopted  for  the  ascents  of  the  free  balloon  belonging  to  the 
'*  Deutscher  Verein  zor  Forderung  der  Luf  tschiffahrt." 

fkhibited  by  the  Royal  Meteorolooigal  Socijbtt, 
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102.  Cloud  Bijaatcris  1  ccnstructed  by  Dr.  Nils  Ekholm,  Hon.Meiii.B.Met.SOc 

Exhibited  by  the  Royal  Meteobological  Society. 

103.  Photograph  of  Theodolite  u£ed  in  the  determination  of  Cloud  alti- 

tudes at  the  Blue  Hill  Observatory,  Mass.,  U.S.A. 

Exhibited  by  A.  L.  RoTCH,  F.R.Met.Soc. 

104.  Photograph  of  Plotting  Machine  ^or  graphical  solution  of  data  obtained 

with  the  above  Theodolite  (No.  103). 

Exhibited  by  A.  L.  RoTCH,  F.R.Met.Soc. 

105.  PhotC^aph  of  Pole  Star  Becorder  in  use  at  the  Blue  Hill  Observatory 

for  recording  cloudiness  at  night. 

Exhibited  by  A.  L.  Rotch,  F.R.MetSoc. 

106.  Two  Photographs  of  '^  Trails  "  by  Pole  Star  Becorder. 

Exhibited  by  A.  L.  Rotch,  F.R.Met.Soc. 

107.  Diagrams  designed  by  Lieut-Oen.  Strachey^  F.R.S.9  to  facilitate  the 

calculation  of  the  height  and  motions  of  Clouds  ^om  photographs. 
Diagram  A  is  arranged  to  give  the  height  of  the  cloud,  the  heights  being 
indicated  by  the  abscissse  on  a  scale  in  which  the  length  of  the  base  be- 
tween Uie  two  cameras  is  equal  to  the  focal  length  of  the  camera  lens. 
The  parallax  obtained  in  the  way  explained  under  Exhibit  No.^  13  is 
measured  on  the  ordinates  of  the  curve,  and  the  corresponding  height  is 
at.  once  read  off  below. 

Diagram  B  gives  the  rate  of  motion  of  tlie  cloud.  The  line  A  B  repre- 
sents tne  measured  base  between  the  two  cameras  upon  the  same  scale 
as  is  used  to  represent  one  mile  upon  the  larger  diagram  of  proportional 
velocities.  The  drift  obtained  irom  the  negatives,  in  the  manner  ex- 
plained under  Exhibit  No.  13  is  marked  off  upon  the  lines  A  C  and 
B  D  measuring  from  A  B,  and  the  parallax  is  marked  off  upon  the 
line  A  B,  measuring  from  A ;  a  line  is  then  drawn  from  the  point  on 
A  C  through  that  on  A  B  to  the  line  B  D,  and  the  distance  from  the 
point  previously  marked  off  on  B  D  to  the  extremity  of  this  line  is 
taken  off  and  measured  on  the  diagram  of  relative  velocities,  upon  the 
vertical  line  corresponding  to  the  interval  in  seconds  which  had  elapsed 
between  the  taking  of  the  two  photographs. 

Exhibited  by  the  METEOROLoaiCAJL  Council. 

108.  Records  of  Velocity  of  the  Wind  by  Dines's  Pressure  Tube  Anemo- 

meter at  Oxshott,  Surrey,  December  12th  and  13th,  1893  ;  February 
7th,  nth  ;  and  March  2nd  and  27th,  1894. 

Exhibited  by  W.  H.  Dines,  F.R.Met.Soc. 

109.  Drawing  of  a  suggested  form  of  Barometer  designed  to  give  readings 

already  corrected  for  capacity,  capillarity,  temperature  and  height 
above  sea  level.  The  temperature  correction  is  obtained  by  reading 
the  thermometer  which  has  its  bulb  immersed  in  the  mercury  of  the 
cistern.  The  horizontal  screw  head  at  the  top  of  the  instrument  is  then 
turned  until  the  pointer  on  the  horizontal  scale  points  to  the  tempera- 
ture. This  has  the  effect  of  depressing  or  raising  the  vernier  by  means 
of  an  inclined  plane  so  as  to  oeduct  or  add  the  proper  correction  for 
temperature.  The  inclination  of  the  plane  supporting  the  vernier 
changes  with  its  rise  on  the  scale  by  means  of  diagoncu  slots  on  the 
brass  frame  of  the  instrument.  These  can  be  adjusted  when  the  instru- 
ment is  made. 

The  capacity  correction  is  made  by  a  milled  head  at  the  bottom  or 
cistern  end  of  the  instrument,  and  a  glass  plunger  is  caused  to  immerse 
itself  in  the  mercury  until  it  just  brings  the  level  of  the  same  to  the 
ivory  point  which  is  fixed  above  its  surface.  The  capillarity  corection 
is  not  needed  with  so  large  a  bore.  The  correction  for  heigt  above 
sea  level  is  provided  by  shortening  the  instrument  by  means  of  the 
screws  in  the  middle  of  its  height,  and,  of  course,  the  temperature 
adjustment  must  be  made  to  correspond  when  the  instrument  is  first 
a^usted  for  its  station.         Exhibited  by  R.  Inwards,  Pre8.R.ldet,Soc« 
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110.   Oiartfor  redneing  readings  of  Metallic  Barometers  to  the  tempera- 
ture of  32°;  by  Mr.  E.  H.  Griffiths. 

Exhibited  by  J.  J.  HiCHS,  F.R;MetiSoc 


LANTESN  SLIDES  AND  TRANSPABENOIES. 

111.  Clouds  taken  mostly  at  the  Santis  Observatory,  Switzerland.    (26 

Slides.)  Exhibited  by  Prof.  A.  Riogenbach-Bubckhardt. 

112.  Clouds  taken  by  reflection  from  a  black  glass  Mirror.    (24  Slides.) 

Exhibited  by  A.  W.  Clayden,  F.R.Met.Soc. 

113.  Slides  illustrating  Capt  D.  Wilson-Barker's  proposed  Cloud  Nomen- 

clature. Exhibited  by  Capt.  D.  Wilson-Barker,  F.R.Met.Soc. 

114.  Clouds  from  Photographs  taken  by  Mons.  Paul  Qamier^  at  the  Obser- 

vatory,  Boulogne-sur-Seine,  1889. 

Exhibited  by  W.  Marriott,  F.R.MetSoc. 

115.  Clouds  comprising  Cirrus^  Cirro-cumulus,  Cumulus  and  Stratus. 

Exhibited  by  BiRT  ACRES. 

116.  Slides  and  Transparencies  showing  the  movements  of  Cumulus  and 

Cirrus  Clouds  at  intervals  of  30  seconds.   Exhibited  by  Birt  Acres. 

117.  Slides  of  Clouds.    Most  of  these  are  Upper  Clouds  with  a  few  Camulus. 

Exhibited  by  A.  D.  Hall. 

118.  Slides  of  Clouds. 

Exhibited  by  Rear- Admiral  J.  P.  Maclear,  F.R.Met.Soc. 

119.  Clouds  (4  slides).  Exhibited  by  A.  StroH. 

120.  Clouds  (3  slides).  Exhibited  by  H.  £.  Davis. 

121.  Clouds  (2  slides;.  Exhibited  by  L.  Cohen. 

122.  douds  (3  slides).  Exhibited  by  T.  C.  White. 

123.  Clouds  (6  slides).  Exhibited  by  the  Sciopticon  Co. 

124.  Aurora  Borealis  (2  slides).  Exhibited  by  the  SCIOFTICON  Co. 

125.  Festooned  Cumulus  at  Sydney,  New  South  Wales,  January  18th, 

1893.  Exhibited  by  W.  Marriott,  F.R.Met.Soc. 

126.  Hailstones  which  fell  at  Bichmond,  Torkshire,  July  8th,  1893. 

Taken  by  Mr.  J.  H.  Metcalfe. 

Exhibited  by  the  ROYAL  METEOROLOGICAL  SOCIETY. 

127.  Man*s  Hat  damaged  by  Hailstones  at  Richmond,  Yorkshire,  July  8th, 

1898.  Exhibited  by  W.  Marriott,  F.R.Met.Soc. 

128.  Iron  Booflng  perforated  by  Hail  at  Tulcumbah,  New  South  Wales, 

October  13th,  1892.  Exhibited  by  the  Royal  Meteorological  Society. 

129.  Lightning  Flashes,  at  Croydon,  June  28th,  1892.   Taken  by  Mr.  Q. 

Corden.  Exhibited  by  the  Royal  Meteorological  Society. 

130.  Lightning  Plashes,  June  28th,  1892»     Taken  at  Bezley  by  Mr.  R.  H. 

PickeL  Exhibited  by  the  Royal  Meteorological  Society. 

131.  Trees  struck  by  Lightning  in  the  neighbourhood  of  Bristol,  1892. 

Exhibited  by  the  Royal  Meteorological  Society. 

132.  TT^y  Frost  on  Grass;  taken  by  Rev.  J.  M.  Coates,  at  Welton-le-Wold, 

Lincohishire.  Exhibited  by  W.  Marriott,  F.R.MetSoc, 
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133.  SlideB  of  Clouds.  Exhibited  hy  the  Kew  Committed. 

134.  Two  Slides  showing  the  Cloud  Camera  in  position. 

Exhibited  hy  the  Kew  Ck>MMiTTEE. 

135.  Slides  of  Clouds.  Exhibited  hy  E.  Gaster,  P.R.Met.Soc. 
186.    Slides  of  Clouds.  Exhihited  hy  CoU  H.  M.  Saunders. 


PROCEEDINGS  AT  THE  MEETINGS 
OF  THE  SOCIETY. 


March  Slst,  1894. 

Ordinary  Meeting, 

BiCHABD  Inwards,  F.B.A.S.,  Flresident,  in  the  Chair. 

Hugh  Charles  Eiddle,  Public  School,  Walbundrie,  New  South  Wales ;    and 
Sidnet  Bichard  Lowcock,  AsBOO.M.Inst.G.E.,  85  Waterloo  Street,  Birmingham, 
were  balloted  for  and  duly  elected  Fellows  of  the  Society. 

It  was  announced  that  the  Society,  in  conjunction  with  the  Sanitary  Institute, 
had  arranged  for  a  course  of  six  Lectures  on  "  Meteorology  in  relation  to 
Hygiene,*'  to  be  given  at  the  Parkes  Museum,  Margaret  Street,  W.,  as  follows: — 

April  28rd.    Instruments  and  Observations  and  their  Bepresentation. 

G.  J.  Symons,  F.B.S. 
„     26th.    Temperature  of  Air,  Soil  and  Water. 

Dr.  H.  B.  Mill,  F.B.S.E. 
„      80th.    Barometric  Conditions  and  Air  Movements. 

B.  H.  Scott,  M.A.,  F.B.S. 
May   8rd.      Moisture,  its  Determination  and  Measurement. 

W.  Marriott,  F.B.Met.Soo. 
„     7th.      Climate  in  Belation  to  Health,  and  Geographical  Distribution  of 

Disease.         C.  Theodore  Wiluams,  M.A.,  M.D.,  F.B.C.P. 
„   10th.      Fog,  Clouds  and  Sunshine.  F.  Gaster,  F.B.Met.Soc. 

The  fee  for  the  course  would  be  half-a-guinea.  Fellows  of  the  Society  would 
be  admitted  without  payment. 

The  following  communications  were  read : — 

"  Belation  between  the  Mean  Quarterly  Tempeeatxtre  and  the  Death 
Bate."    By  W.  H.  Dines,  B.A.,  F.B.Met.Soo.    (p.  178.) 

"  Duration  and  lateral  extent  of  Gusts  of  Wind,  and  the  measurement 
OF  their  Intenstty."    By  W.  H.  Dines,  B.A.,  F.B.Met.Soo.    (p.  180.) 

"  On  the  Calculation  of  Photooraphig  Cloud  Measurements."  By  Dr. 
K.  G.  Olsbon.    (p.  187.) 

Mr.  B.  H.  Scott,  F.B.S.,  read  the  following 

<*  Note  on  xtnusually  sudden  Barometrical  Oscillations  and  High  Wind 
Vslooity  in  the  British  Isles  in  February  1894.*' 

The  storm  which  passed  over  the  North  of  Scotland  on  the  night  of  Februiury 
28rd-24th,  was  not  marked  bv  any  very  high  wind  velocity  at  our  station  at 
Deemess  in  the  Orkneys,  as  will  be  seen  from  the  figures  in  the  left-hand  portion 
of  Table  I.,  giving  the  hourly  velocities  and  direction  for  the  two  days. 
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Hie  behavionr  of  the  barometer  at  the  three  etations  on  the  north-west  and 
north  coasts  was,  however,  most  remarkable,  as  will  be  seen  from  Table  II. 

TABLE  I. 
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These  fignres  show  that  at  Stomoway  the  barometer  fell  0*20  in.,  from  2^7(i 
ins.  to  28*60  ins*,  in  the  half  hour  from  5  to  5.80  pjn.,  a  rate  of  £bM  rarely  equalled 
in  these  islands. 

Another  matter  also  seems  to  merit  notice,  an  actual  run  of  an  anemometer  of 
90  miles  within  an  hour  is  rare.  This  velocity  was  overpassed  for  some  hours  at 
Deemess  in  the  storm  of  November  18th-19th,  1893  (Quarterly  Journal,  Vol.  XX. 
p.  48),  and  it  was  reached  at  Fleetwood  at  5  a.m.  February  12th,  as  will  be  seen 
from  the  right-hand  portion  of  Table  I. 

Capt.  D.  Wilson-Babkeb  remarked  that  he  had  once  seen  the  barometer  rise 
*06  in.  in  twenty  minutes  when  in  the  neighbourhood  of  the  Falkland  Islands. 

Mr.  F.  J.  Bbodie  said  that  the  weather  during  December  1898  to  February 
1894  had  been  remarkable  for  the  almost  constant  flow  of  large  depressions 
along  oiu:  extreme  northern  coasts,  the  barometer  in  the  north  of  Scotland 
having  been  below  28'50  ins.  on  no  fewer  than  five  different  occasions.  The 
genersJ  effect  was  well  shown  in  the  difference  between  the  mean  pressures  at 
Sumburgh  Head  and  London ;  the  normal  differences  being  in  December  0'28  in., 
in  January  0*88  in.,  in  February  0'21  in.,  and  the  average  for  the  quarter  0*27  in. ; 
whereas  during  the  past  winter  the  figures  had  been,  December  0*51  in.,  January 
0*40  in.,  February  0*62  in.,  and  the  average  for  the  quarter  0*51  in.  The  mean 
gradient  over  the  United  Kingdom  for  the  entire  winter  was  therefore  nearly 
twice  as  steep  as  usual,  a  fact  which  affords  a  simple  ke^y  to  the  general  mildness 
and  storminess  of  the  season,  and  to  its  partial  immumty  from  fogs. 


April  IStli,  1894. 

Ordinary  Meeting. 

BiCHABD  Inwabds,  F.B.A.S.,  President,  in  the  Chair. 

BiBT  AcBBS,  Clovelly  Cottage,  Bamet ; 
John  Farbah,  8  Crescent  Boad,  Harrogate ;  and 
Eaufmann  Israel  Marks,  174  Sutherland  Avenue,  Maida  Vale,  W., 
were  balloted  for  and  duly  dected  Fellows  of  the  Society. 

The  following  oommonioation  was  read : — 

"  Some  Phenouena  of  the  Upper  Ant.*'  By  Biohard  Inwards,  FJft.A.S., 
President,    (p.  199.) 

On  the  motion  of  Mr.  G.  Chatterton,  seconded  by  Mr.  S.  W.  Silver,  the 
thanks  of  the  Society  were  given  to  the  Exhibitors  for  the  loan  of  tibeir  instru- 
ments, &o. 

The  zneeting  was  then  adjourned  for  a  short  time  in  order  to- allow  the  Fellows 
and  their  friends  an  opportunity  of  inspecting  the  Exhibition  of  Instruments, 
Drawings,  and  Photographs  relating  to  the  Bepresentation  and  Measurement  of 
Clouds,  which  had  been  arranged  in  the  rooms  of  the  Institution  of  Civil  Engi* 
neers.    (p.  217.) 

At  9.80  p.m.  a  Lantern  Display  was  given  of  slides  illustratiifg  varioiu 
meteorological  phenomena,  "Mr.  W.  Marriott  giving  a  description  of  the  various 
pictures. 
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CORRESPONDENCE  AND  NOTES. 

Whirlwinds  on  May  36Ui,  1894.~The  following  accounts  of  two  whirlwinds 
are  taken  from  the  Times : — 

"A  Whirlwind  IN  Herefordshire. — ^The  Rev.  H.  C.  Sturges  writes  to  us 
from  Bodenham  Vicarage,  Leominster : — *  If  a  whirlwind  be  a  violent  movement 
of  the  atmosphere  in  a  circular  direction  about  an  axis,  we  certainly  had  one  in 
this  village  on  Saturday,  May  '26th,  between  1  and  2  p.m.  Two  dense  thtmder 
clouds  were  seen  approaching  with  their  separate  storms  at  about  1.80  pjn.,  the 
one  from  the  north-west  the  other  from  the  north-east.  These  appeared  to  meet 
n  the  centre  of  this  village,  which  is  in  one  of  the  Lugg  valleys,  eight  miles 
north  of  Hereford.  Within  a  radius  of  about  300  yards  there  was  such  a  violent 
movement  of  the  atmosphere  in  a  circular  direction  that  trees  were  cut  off  at' 
the  stem,  huge  branches  off  the  elm  trees  were  carried  50  yards  or  more,  and 
tiling  was  lifted  off  the  buildings.  At  the  same  time  sheets  of  hailstones  were 
hurled  against  the  windows  from  all  points  of  the  compass.  Beyond  the  radius 
of  the  storm  vortex  the  weather  was  calm  and  bright,  so  that  our  friends  three- 
quarters  of  a  mile  off  to  the  west,  who  witnessed  us  enveloped  in  an  inky  black- 
ness, suffered  nothing.  A  pond  in  the  village  is  almost  entirely  choked  with 
fallen  timber,  the  trees  having  fallen  against  each  other.  Is  it  not  a  most 
tmusual  thing  in  this  country  for  the  area  of  a  storm  of  wind  of  such  violence  to 
be  so  exceedmgly  limited  in  extent  ?  I  ought  to  add  that  some  wind  and  a  great 
deal  of  hail  was  experienced  to  the  east  of  us,  but  not  wind  sufficient  to  break  a 
branch  off  a  tree.*  " 

"The  Whirlwind. — Mr.  Bichard  P.  Dansey,  of  Ludlow,  writes  to  us: — 
<  Having  seen  in  your  colmnns  a  letter  from  the  l(ev.  H.  G.  Sturges,  describing  a 
whirlwind  near  Leominster  on  May  26th,  I  trust  you  will  be  able  to  find  space 
for  an  account  of  another  cyclone,  or  whirlwind,  which  occurred  near  Ludlow  on 
the  same  date,  and  at  approximately  the  same  time,  the  description  of  which 
agrees  in  everv  particular  with  that  given  bv  your  correspondent.  About  1  p.m. 
on  Saturday  the  26th,  a  very  heavy  storm  broke  over  the  Glees  (whose  highest 
point  rises  to  1,805  ft.  above  the  sea),  accompanied  with  incessant  thunder  and 
lightning.  In  five  minutes,  or  less,  these  hills  were  quite  white  and  completely 
covered  with  snow  down  to  about  1,000  ft.  high,  while  the  lightning  all  the  time 
was  most  vivid  and  the  thimder  very  loud.  A  few  minutes  afterwards  a  sort  of 
secondary  storm  appeared  to  be  forming  in  the  north  about  a  mile  and  a  half 
away.  One  could  see  sheets  of  hail  sweeping  out  of  the  dark  clouds,  while  clouds 
of  dust  were  swept  across  the  fields  which  evidently  indicated  a  tremendous 
wind,  as,  indeed,  proved  to  be  the  case.  The  path  of  the  cyclone,  for  such  indeed, 
it  was,  seemed  about  300  yards  wide,  and  it  advanced  towards  us  with  tremen-> 
dous  rapidity,  and  even  as  it  came  we  could  trace  its  passc^e  by  the  trees  and- 
branches  which  could  be  seen  falling  in  the  distance  as  the  c^^clone  approached. 
Suddenly  it  reached  us  together  with  a  downpour  of  huge  haolstones  and  lumps 
of  ice.  The  centre  or  vortex  of  the  whirlwind  seemed  to  pass  directly  over  our 
house,  and  swept  everything  before  it.  We  saw  three  trees  fall  in  the  garden — 
including  a  magnificent  fir,  80  ft.  in  height — at  the  same  moment  and  within  60 
yards  of  each  other,  while  others  were  bent  double ;  a  roof  was  lifted  bodily  off 
a  French  bam  and  carried  over  fields  and  hedges  a  distance  of  200  yards ;  big, 
heavy  glass  lights  were  blown  off  cucumber  frames ;  a  large  garden  bench  was 
whirled  through  the  air  and  deposited  upside  down :  hens  were  caught  off  their 
feet  cmd  sent  literally  flying  through  the  air,  and  the  air  was  filled  with  branches 
and  debris  to  such  a  degree  that,  coupled  with  blinding  snow,  which  had  succeeded 
the  hail,  and  was  whirling  round  and  round,  one  could  not  see  more  than  80 
yards.  The  wind  and  storm  had  all  passed  in  a  very  few  minutes,  the  extreme 
height  of  the  cyclone  being  Hmited  to  about  30  seconds.  In  every  field  could  be  seen 
oaks  or  chestnuts  or  other  prostrate  trees,  and  in  places,  also,  the  snow  still  lay 
where  it  had  drifted.  The  whirlwind  seemed  to  go  up  into  the  air  about  half-a- 
mile  beyond  us,  coining  down  to  the  ground  again  about  1^  mile  to  our  south,  where 
it  again  wrought  enormous  destruction,  though  outside  its  narrow  path  not  a  tree 
was  touched.    We  all  thought  the  gale  of  Sunday,  Febnuury  llthi  eeyerei  ev^ 
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though  it  only  blew  down  half-a-dozen  trees  in  our  vioinity,  but  it  was  merely  A 
gentle  breeze  compared  with  the  awful  intensitv  of  the  cyclone  experienced  on 
the  26th,  which  must  have  uprooted  hundreds  of  trees  in  its  path,  narrow  though 
it  was.' " 

Eleotrio  PhenoTnena  daring  Tliunder8torm8.~In  a  letter  to  the  Standard  of 
May  81st,  Mr.  G.  S.  Du  Biche  Preller,  writing  from  Baden,  Switzerland,  said  :^ 
"  Some  exciting  and  horribly  beautifid,  but  cuso  very  dangerous,  electric  pheno- 
mena were  observed  in  the  picturesque  Canton  of  St.  GsJl,  on  the  evening  of  the 
25th  inst.,  during  a  thunderstorm  of  extraordinary  violence,  accompanied  by  a 
deluge  of  rain.  The  large  '  village '  of  Gossan,  about  seven  miles  from  the  town 
of  St.  Gall,  derives  its  electric  supply  for  lighting  and  motive  power  for  indus- 
trial purposes  from  a  hydro -electrical  central  station,  situated  at  a  distance  of 
eight  miles,  by  a  high  tension  transmission,  with  transformer  stations  in  the 
viUage.  The  thunderstorm,  accompanied  bv  violent  lightning  discharges,  passed 
over  the  place  at  5  p.m.,  and  then,  driven  back  bv  a  change  of  wind,  returned, 
and  lasted  for  several  hours.  Soon  after  5  p.m.  all  the  electric  lights  went  out 
spontaneously,  but  the  place  was  illuminated  by  violent  sparks  and  flashes,  which 
were  emitted  by  the  overhead  wire  system,  and  ran  along  the  conductors.  These 
phenomena  reached  their  height  at  the  principal  transformer  station,  close  to  an 
hotel ;  for  here  the  high  pressure  current  escaped  from  the  conductors  to  earth — 
viz.  the  ground  saturated  with  rain — ^the  effect  being  a  succession  of  flashes  or 
continuous  blaze,  which  so  endangered  the  building  that  the  fire  brigade  had  to 
be  called  out  to  protect  it.  These  phenomena  continued  for  severid  hours,  till 
the  electric  supply  was  cut  off  at  the  central  station,  a  special  messenger  on 
horseback  having  been  despatched  thither,  for,  wonderful  to  relate,  the  installa- 
tion was  as  yet  without  telephonic  communication.  The  lightning  struck  several 
houses  in  the  village,  though  without  doing  harm ;  but  a  young  man  of  powerful 
build,  and  of  local  position  and  great  promise— for  he  was  to  have  been  elected 
Marjror  on  the  very  next  day — ^inadvertently  touched  one  of  the  electric  cables, 
and  was  instantly  killed.  The  inhabitants  of  the  place  might  have  been  spared 
the  terror  of  these  phenomena,  and  probably  no  human  life  would  have  been  lost, 
if  the  electric  supply  had  been  cut  off  during  the  altogether  exceptional  thunder- 
storm, as  should  always  be  done-— and  in  the  United  States  is  done  on  some 
electric  tramways — in  districts  visited  by  violent  atmospheric  discharges,  and 
where  overhead  wires  are  used.  Only  last  summer  I  witnessed  a  similar  occur- 
rence on  the  Mont  Sal^ve  electric  railway,  near  Geneva,  where  the  lightning 
strudk^  the  feed  conductor  of  the  line,  and  thence  found  its  way  sJong  the  trans- 
mission cables  to  the  central  station,  fully  two  miles  distant,  where  it  passed 
through  the  lightning  arrester  and  burnt  out  one  of  the  huge  1,000  horse-power 
dynamos.  In  this  case,  too,  the  lightning  discharge  was  only  the  indirect  cause, 
the  direct  cause  being  that  the  dynamo  was  running  at  the  time,  viz.  that  the 
current  followed  the  discharge  through  the  not  quite  perfect  lightning  arrester, 
and  '  short-circuited*  the  dynamo." 

Remarkable  Flash  of  Idghtning.—Herr  0.  Hoppe,  n  a  paper  *<  Oberirdische 
und  unterirdische  Wirkungen  eines  Blitzstraliles,"  which  appeared  in  Lecpoldina^ 
Vol.  XXIX.,  1893,  gives  an  account  of  a  very  remarkable  flash  of  lightning 
which  occurred  on  July  20th,  1881,  near  the  town  of  Clausthal  in  the  Hartz. 
The  house  struck  was  not  situated  in  an  exposed  position,  a  church  near  it,  but 
on  a  hill  above  it,  escaped.  Dr.  Hoppe  accounts  for  this  by  the  circumstance 
that  the  house  struck  was  standing  in  a  damp,  good  conducting  soil.  He  remarks 
that  the  joists  of  the  house,  of  dry  pine,  were  torn  to  splinters,  but  not  set  on  fire ; 
but  where  the  lightning  found  nails  in  damp  wood,  the  ends  of  the  nails  were 
fused  and  the  wood  caught  fire.  From  this  Dr.  Hoppe  concludes  that  iron  nails 
or  fastenings  should  not  be  used  in  roof  timbers.  The  residents  in  the  house 
were  sleeping  on  feather  beds,  and  were  all  uninjured.  The  experience  of  various 
miners  at  the  level  of  1,000  fathoms  is  given,  as  tendered  in  evidence  before  a 
commission  of  inquiry.  They  evidently  felt  the  same  flash  as  wrecked  the  house. 
The  paper  is  worth  notice  for  those  who  are  engaged  in  lightning  rod  work. 

Evaporation  at  Kimberley,  Soutli  Africa.— Mr.  R.  H.  Twigg,  M.lDBt.C.E., 
has  favoured  as  with  the  monthl/  evaporation  at  the  Kimberley  Waterworks, 
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South  Africa,  for  the  three  years  1891-1893.  The  gauge  is  of  wrought  iron, 
4  feet  cube,  buried  in  the  ground  to  within  1  inch  of  the  top ;  the  level  of  the 
water  inside  is  kept  2  or  3  inches  below  the  top  to  allow  for  the  heaviest  showers. 
The  gauge  is  read  every  day  to  *001  inch  by  means  of  Twigg's  hook  gauge. 


January     ,.. 

February    ... 

March 

April 
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June  •«.        i 

July 

August 
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October 

November  ... 

December  ... 

Year       ...        86-68         104-41  101-32 

Brought  on  the  Coast  of  East  Afirioa.— Mr.  W.  B.  Cracknall,  of  Zanzibar, 
in  a  despatch  to  the  Colonial  Secretary,  dated  May  3rd,  1894,  sa^s  :^"I  have 
the  honour  to  inform  your  Lordship  that  on  the  coast  of  East  Africa,  extending 
from  Mozambique  right  through  the  German  coast,  there  has  been  almost  a  total 
absence  of  the  rain  usually  experienced  at  this  reason.  In  the  Island  of  Zanzi- 
bar the  rainfall  for  this  year  is,  up  to  date,  12*82  ins.,  in  contrast  to  34*79  ins. 
registered  up  to  April  30th  last  year. 

"  The  South-west  wind,  which  should  be  blowing  strong  and  fresh,  is  gentle 
and  variable,  and  the  abnormal  heat  of  the  last  few  months  has  but  slightly 
abated. 

"  Fears  are  entertained  of  a  famine  on  the  coast ;  and  already  I  am  informed 
the  greatest  scarcity  of  food  prevails,  while  the  price  of  rice  in  the  Zanzibar 
bazaars  is  much  augmented,  and  most  probably  the  rainfall  in  the  territory  of  the 
Imperial  British  East  Africa  Company  will  be  irregular  and  scanty. 

'*  I  have  troubled  your  J^ordship  with  this  despatch,  as  it  is  likely  that  this 
state  of  things  may  have  some  relation  to  the  coming  South-west  monsoon  of  the 
Indian  Empire.** 

Bain  fall  at  Abari,  West  Africa. — The  following  are  the  monthly  amounts  of 
rainfall  for  the  three  years  1891-93,  at  the  Botanical  station,  Aburi,  on  the  Gold 
Coast.    The  station  is  1,400  feet  above  sea  level,  and  26  miles  from  the  coast. 
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At  Accra,  on  the  coast,  the  raipfall  in  1893  was  30*38  ins, 
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RECENT    PUBLICATIONS. 

AerO'Tkerapeiiiies,  or  the  Treatment  of  Lung  DiMoses  by  Climate,   By  Chables 

Thkodobb  Williams,  M.A.,  M.D.,  F.R.C.P.     8vo.     1894.     187  pp. 

and  plate. 

This  work  comprises  the  Lumleian  Lectures  for  1893,  which  Dr.  Williams 

delivered  before  the  Royal  College  of  Physicians.    The  object  of  the  author  has 

been  to  sketch  a  scientific  sj^stera  of  Aero-therapeutics  based  on  the  combination 

of  modem  meteorology  with  clinical  experience,  each  element  of  climate  being 

duly  considered  in  its  bearing  on  health  and  disease.    The  first  lecture  is  devoted 

to  the  factors  and  elements  of  climate ;  the  second  lecture  is  devoted  to  tempera^ 

ture  and  nioisture  ;   and  in  the  third  lecture  the  author  deals  with  barometric 

pressure  in  its  relation  to  health  and  disease.    Dr.  Williams  also  reproduces  the 

address  on  the  climate  of  Colorado,  which  he  delivered  before  the  Royal  Meteoro- 

logicfd  Society  on  January  Idth,  1893. 

American  Meteorological  Journal,     January- Jtme  1894.     8vo. 

The  January  No.  contains  several  papers  prepared  for  the  Chicago  Congress 
of  Meteorology,  viz.— 1.  History  of  the  Weather  Map  :  by  M.  W.  Harrington 
(3  pp.).  Eighteen  current  daily  Weather  Maps  are  now  issued  by  the  various 
national  Weather  Services.  2.  The  Meteorological  work  of  the  Medical  Depart- 
ment of  the  U.S.  Army :  by  Major  C.  Smart  (2  pp.).  3.  The  Meteorological 
work  of  the  Smithsonian  Institution  :  by  the  Secretary  (2  pp.).  4.  Early  indi- 
vidual observers  in  the  United  States  :  by  A.  J.  Henry  (2  pp.).  6.  Storms  of 
the  North  Atlantic  :  by  E.  Hayden  (2  pp.).  6.  The  creation  of  Meteorological 
observatories  npon  the  islands  scattered  over  the  ocean  and  connected  with  a 
continent  by  cable  :  by  the  Prince  of  Monaco  (2  pp.). — Among  the  other  con- 
tributions are  : — ^The  recurrence  of  hurricanes  in  the  solar  magnetic  26'68  day 


period  :  by  Prof.  F.  H,  Bigelow  (4  pp.).— A  Cloud-burst  in  Arizona :  by  J.  D. 
Parker  (4  Pp ). — Recent  foreign  studies  of  Thunderstorms,  No.  IV. :  by 
R.  de  C.  Wara  (9  pp.).     The  author  in  this  paper  gives  a  summary  of  the 


thunderstorm  work  carried  on  in  Italy  since  1882. — Certain  climatic  features  of 
Maryland  :  by  W.  B.  Clark  (3  pp.V — Ten  miles  above  the  earth  :  by  Prof.  H.  A. 
Hazen  (5  ppj. — Measurement  ot  the  seasons  :  by  H.  Gawthrop  (2  pp.  and 
plate). — ^The  Climate  of  Louisiana  :  bv  R.  E.  Kerkham  (3  pp.). — ^A  new  series  of 
isabnormal  temperature  charts,  based  on  Buchan*s  isothermal  charts  :  by  S.  F. 
Batchelder  (24  pp.). — Storms  of  the  Gulf  of  Mexico  and  their  prediction  :  by 
W.  D.  Steams  (8  pp.). — A  new  chart  of  equal  annual  ranges  of  temperature : 
by  J.  L.  S.  Connolly  (2  pp.). — Meteorology  and  Geodesy :  by  Prof.  Cleveland 
Abbe  ^5  pp.). — ^The  maximum  precipitation  of  south-western  North  Carolina, 
particularly  on  the  southern  and  eastern  slopes  of  the  Blue  Ridge :  bv  A.  J. 
Henry  (4  pp.). — The  sea  breeze  at  Boothbay  Harbour,  Maine  :  by  G.  B.  Magrath 
(5  pp.). — ^The  Texan  Monsoons  :  by  M.  W.  Harrington  (13  pp.).— The  marine 
Nephoscope  and  its  usefulness  to  the  navigator :  by  ProL  Cleveland  Abbe  (10 
pp.). — ^The  Pole  Star  Recorder :  by  S.  P.  Fergusson  (3  pp.). 
Annuaire  de  la  SociStS  MStSorologique  de  France,  Tome  XLI.,  July-Novem- 
ber 1898.  4to. 
The  principal  articles  are  : — Sur  la  provision  du  temps  et  sur  Tenchainement 
des  situations  atmosph^riques  :  par  P.  Garngou- Lagrange  (28  pp.  and  2  plates). 
— Des  Nuages  et  de  leur  rdle  dans  la  production  des  hydrom^teorites  :  par  C. 
Ritter  (36  pp.).  This  is  an  elaborate  attempt  to  explain  the  formation  of  clouds, 
especially  of  cumuZt,  by  means  of  the  phenomena  developed  when  drops  of  ink  or 
any  other  coloured  fluid  are  very  gently  [introduced  into  water.  The  author 
gives  diagrams  showing  how  the  drops  bifurcate  and  bifurcate  again  and  again, 
giving  an  appearance  lilce  a  candelabrum.    The  paper  is  divided  as  follows  : — 

1.  Generalities  on  the  natural  and  mechanical  properties  of  the  surface  of  liquids. 

2.  The  action  of  the  epidermis  when  capillary  veins  and  sheets  of  water  flow 
into  the  air.  3.  Action  of  the  dermis  when  drops,  veins,  or  sheets  of  certain 
liquids  flow  into  water  mists  and  liquid  clouds.  4.  Action  of  the  atmodermes 
in  the  escape  into  the  air  of  smoke  and  vapour  fogs  and  *'  pulviscular  **  clouds. 
hf  Structure  of  atmospheric  clouds,    The  author  points  out  that  for  the  produc- 
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tion  of  cumaliu  the  existenee  of  a  peplam  is  neceuuy,  a  eondition  of  the  anr- 
face  whioh  tends  to  preserve  a  definite  form.  This  peplam  is  absent  in  the 
case  of  stratus.  Thronghont  the  paper  the  author  uses  the  obsolete  term  of 
▼apeur  v^siculaire. 

Mdearologiichs  ZeiUehrift.  Bedigirt  von  Dr.  J.  Hann  mid  Dr.  G.  Hsixsunn. 
December  1898-May  1894.  4to. 
The  principal  contents  are : — ^Vergleiche  von  Qoecksilber-Barometem  mit 
Siede-Thermometem :  von  H.  Hartl  (10  pp.).  Thi«  is  an  abstract  of  a  paper 
published  in  the  MiUheilungen  dea  K,K.  Militwr  GMfpraphischen  InsUlutea  (see 
p.  80.). — Ueber  die  Ermittelung  der  Temperatur-and  Feuchtit^keits-unterschiede 
swischen  Wald  und  Feld :  von  Dr.  J.  Schubert  (7  pp.).  This  is  an  account 
of  some  interesting  experiments  carried  on  by  the  use  of  Assmann^s  apparatus 
for  producing  artiticial  air  circulation  round  the  bulbs  of  thermometers.  The 
desirability  of  artificial  uniform  air  circulation  applied  to  wet-bulb  themometers 
has  lonff  been  recognised.  Dr.  Schubert  claims  to  have  shown  by  his  experi- 
ments Siat  the  alleged  difference  in  temperature  and  humidity  between  forest 
and  open  |;round  is  solely  due  to  the  fact  that  the  air  inside  the  forest  is  calmer 
than  outside,  and  that  when  simultaneous  observations  are  carried  on  at  any 
pair  of  twin  stations,  such  as  exist  in  all  foreign  meteorolo^cal  systems,  by 
means  of  Assmann's  apparatus,  the  results  are  almost  identical. — Klimatolo- 
gische  Zeit-  und  Streitfragen  :  von  Dr.  A.  Woeikof.  No.  V.  (9  pp.).  In  this 
paper  the  author  discusses  the  regions  where  continental  and  oceanic  climates 
are  most  strongly  nuurked.  He  endeavours  to  show  that  the  coldest  winters  on 
earth  are  probably  over  the  Antarctic  Continent,  and  the  central  portion  of 
Greenland.  The  wannest  summer  is  probably  to  be  found  in  the  Sahara  or  the 
Death  Valley  of  California,  and  the  greatest  annual  range  in  Eastern  Siberia. 
One  great  sign  of  oceanic  climate  is  the  excess  of  warmth  in  autumn  over  spring. 
In  Eastern  Siberia,  despite  its  oceanic  climate,  this  relation  exists,  owing  to  the 
fact  that  snow  melting  retards  the  advent  of  summer  in  May.  The  region  where 
spring  is  decidedly  warmer  than  autumn  is  in  Hindostan.  Dr.  Woeikof  proceeds 
similarly  to  discuss  relative  humidity  and  precipitation,  and  concludes  with 
a  short  notice  of  the  typical  oceanic  climate  o£  Jan  Mayen  and  Northern 
Norway.  —  Ueber  die  Namen  der  Winde :  von  Dr.  F.  Umlauft  (7  pp.). 
Hesioa  only  recognised  four  winds,  but  by  the  time  of  Herodotus  the  num- 
ber of  points  had  grown  to  eight.  The  names  now  generally  employed  are 
of  Gkrmanic  origin,  and  Dr.  Umlauft,  by  deriving  their  etymology  from  various 
languages,  seeks  to  show  that  East  implies  clearness.  West  implies  calm,  as  at  sun- 
set. North  implies  dampness,  and  so  indicates  a  wind  coming  from  the  sea.  South 
is  said  to  be  connected  with  the  sun,  as  in  Iceland  the  South  wind  is  now  called 
*  sunnanvindur.'  The  man  to  whom  we  owe  the  combination  of  the  cardinal  names 
to  indicate  intermediate  points  was  Eginhart,  in  the  time  of  Charlemagne.  Uis 
windrose  had  only  twelve  points,  for  he  left  out  South  south-east,  West-south- 
west, North- north- west  and  East-north-east.  The  idea  of  combination  was  so  prac- 
tical that  it  was  generally  adopted,  and  complete«l  so  as  to  have  sixteen  points. 
Italy  has  never  adopted  this  nomenclature  *,  there  East  is  Levante,  sunrising  ; 
West,  Ponente,  sunsetting.  The  Sclav  wind  names  are  all  taken  from  the  course  of 
the  sun :  the  North  is  midnight ;  South,  midday ;  East  and  West,  rising  and  setting 
respectively. — Die  Ergebnisse  der  schwedischen  intemationalen  Polar-Expedition 
1882-83  auf  Spitsbergen,  Kap  Thordsen :  von  Dr.  J.  Hann  (13  pp.).  The  author 
thinks  that  it  has  taken  a  long  time  to  produce  tliis  work,  but  that  its  value  and 
thoroughness  have  both  been  materially  improved  by  the  careful  consideration 
which  the  dii«cussion  has  received.  Dr.  Hann  gives  a  summary  of  the  contents 
of  the  volume.  Among  interesting  facts  it  may  be  mentioned  that  hail  was 
never  once  observed.  The  winter  in  Spitzbergen  was  the  mildest  experienced  by 
any  of  the  expeditious  except  that  of  the  Austrians  in  Jan  Mayen.  The 
extremest  cold  m  winter  was  reported  by  the  Russians  at  the  mouth  of  the  Lena, 
the  coldest  summer  by  the  Dutchmen  in  the  Kara  Sea.  As  regards  the  wind,  the 
Swedes  report  that  in  winter  the  velocity  was  a  maximum  at  night  and  a  minimum 
in  the  forenoon.  In  summer  this  is  reversed.  The  paper  concludes  with  a  list 
of  the  volumes  in  the  Zeitachrift  in  which  notices  of  all  the  Polar  Expeditions 
are  to  be  found,  with  their  respective  authors'  names.— Neue  Normaltempera- 
turen ;  von  Dr,  W   Precht  (10  pp.).    This  paper  deals  with  the  construction  of 
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itabnormal  oanrei  of  temperatare  Bimilar  to  those  of  Batchelder  in  the  Ananean 
Meteorological  Journal^  Vol.  X.  Dr.  Precht  refers  to  Spitaler's  paper  on  tem- 
peratare anomalies  in  PetermamCe  Mittkeilungen  for  1887,  which,  however,  has 
only  one  chart  for  the  year.  Dr.  Precht^s  own  charts  are  not  given  in  the 
Zeitschrift.  The  temperatare  charts  on  which  they  are  based  are  Hann's  in 
Berghaus'  Physical  Alias.  At  the  end  of  the  paper  the  author  takes  up  Angot's 
'<  Recherches  engines  sur  la  distribution  de  la  chaleur  i  la  surface  du  globe  '* 
from  the  Annates  du  Bureau  Central  MeUorologique  de  France  for  1893,  which 
enable  him  to  calculate  normal  temperatures  by  a  different  process,  and  the 
results  agree  very  satisfactorily  with  those  previously  obtained  by  him — N. 
£kholm*6  Untersuchun^en  iiber  das  Verhalten  des  Psychrometers  unter  dem 
Gefrierpunkt :  von  J.  Hann  (9  pp.)*    This  is  a  paper  criticising  the  results 

fiven  in  the  last  volume  of  meteorological  data  of  the  Swedish  expedition  to 
pitzbergen  in  1882-3.  Dr.  Ekholm  instituted  a  most  careful  investigation  into 
the  anomalous  behaviour  of  the  wet  bulb,  and  finds  that  when  the  results  are 
calculated  by  the  usual  formula  for  low  temperatures  the  indications  are  con- 
siderably too  high.    He  sa^s  that  if  the  hygrometer  is  in  good  order,  very  good 


results  for  both  vapour  tension  and  relative  humidity  can  be  obtained  down  to  very 
low  temperatures  if  a  constant  correction  of  — 0°'46  C,  or  0°'81  F,  is  applied.  The 
explanation  given  of  this  is  that  vapour  of  low  tension  is  disseminated  through 
the  atmosphere  with  extreme  slowness,  consequently  the  tension  of  the  vapour  a 
few  inches  above  a  snow  or  ice  surface  is  much  higher  than  that  in  immediate  con- 
tact with  the  snow,  etc.  The  idea  is  that  the  thermometer  bulb  is  brought  into 
this  surcharged  stratum,  vapour  from  that  stratum  condenses  on  the  bulb  and 
the  latent  heat  raises  the  temperature  of  the  bulb. — Die  Vertheiiung  des  Luft- 
druckes  fiber  Europa  wShrend  der  Trockenzeiten  des  Fruhlinsrs  und  Sommers 
1893 :  von  Dr.  E.  Less  (16  pp.  and  plate).  This  is  a  discussion  of  the  causes  of  the 
abnormal  summer  of  1893,  a  subject  which  has  been  frequently  attacked.  Dr. 
Less  thinks  that  he  has  found  the  cause  of  the  extraordinary  persistence  of  the 
anticyclones  in  the  fact  that  very  unusual  cold  with  an  intense  anticyclone  pre- 
vailed over  northern  Russia  throughout  the  spring  and  early  summer. — Ueber  die 
Einwirkung  der  ablenkenden  Kraft  der  Erdrotation  auf  die  Luftbewegung :  von 
Dr.  N.  Ekholm  (27  pp).  This  is  a  mathematical  investigation  into  the  action  of 
the  rotation  of  the  earth  on  wind  motion. — Die  Re.nultate  der  meteorologischen 
Beobachtungen  auf  dem  Pic  du  Midi :  von  Dr.  F.  Klon^el  (20  pp  ).  This  is  an 
elaborate  discussion  of  the  work  done  on  the  Pic  du  Midi. 

Meteorology^  The  Elements  of  Weather  and  Climate,  By  H«  N.  Dickson, 
F.B.S.E.  8vo.  1898.  192  pp. 
This  work  forms  one  of  the  University  Extension  Series,  and  contains,  in  fact, 
the  substance  of  a  course  of  Lectures  on  Meteorology,  delivered  b^  Mr.  Dickson 
as  a  University  Extension  Lecturer.  The  author  deals  with  the  subject  in  a  clear 
and  simple  manner.  The  work  is  divided  into  8  chapters,  viz.  fundamental  facts  ; 
fundamental  principles  ;  cyclones  ;  anticyclones ;  other  forms  of  pressure  areas  ; 
weather  forecasting ;  meteorological  instruments  and  observations  ;  the  elements 
of  elimate  ;  and  application  of  meteorology  to  agriculture. 

Eep*ni;  oj  the  Chief  of  the  Weather  Bureau,  1891-92.  U.S.  Department  of 
Agricoltore.  4to.  1898.  628  pp.  and  4  plates. 
This  is  the  first  volume  of  meteorological  data  published  bv  the  Weather 
Bureau,  and  contains  the  results  of  observations  made  during  1891  and  1892. 
Prof.  C.  F.  Marvin  contributes  a  description  with  illustrations  of  the  instruments 
in  use  at  the  principal  stations  of  the  Weather  Bureau  ;  and  Prof.  Cleveland 
Abbe  has  a  paper  on  instrumental  corrections,  methods  of  reduction,  and  resulting 
accuracy. 

Sgmons's  Monthly  Meteorological  Magazine.  Vol.  XXIX,  Nos.  887-841. 
February-June,  1894.  8vo. 
The  principal  articles  are  :— The  January  Frost  (7  pp.).— A  wet  February  in 
Edinburgh  (1  p.). — Sun  spots  anl  air  temperature  (4^  pp.)- — The  climate  of 
Odessa  (2  pp.).— Iridescence  on  the  English  Lakes  (3  pp.).— The  May  Frost  of 
)894  (8  pp.). 
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Vol.  XX.  OCTOBER  1894.  No.  92. 

ON  THE  RELATIVE  FREQUENCY  OF  DIFFERENT  VELOCITIES 

OF  WIND. 

By  WILLIAM  ELLIS,  F.R.S. 
(Plate  IV.) 


[Reeeived  April  10th.— Bead  May  16tb,  1894.] 

HATiNa  had  occasion  a  few  months  ago  to  prepare  some  statistics  in  regard 
to  wind  veiocity,  I  have  since  carried  the  inquiry  somewhat  further  with  tlie 
Tiew  of  rendering  the  results  more  complete,  and,  with  the  permission  of  the 
Astronomer  Boyal,  now  beg  to  submit  them  to  the  notice  of  the  Buyal 
Meteorological  Society. 

The  object  of  the  paper  has  been  to  ascertain  the  number  of  hours  during 
which  the  wind  blew  with  each  of  the  different  hourly  velocities  experienced 
during  the  period  under  discussion.  Such  information  may  have  a  value,  in 
view  of  the  use  of  wind  engines  for  pumping  and  other  purposes,  as  afford- 
ing some  indication  of  the  amount  of  work  that  may  be  expected  from  an 

raw  BfiBISS, — ^voi«»  XX.  B 


Digitized  by 


Google 


ELLIS ON  THE  BELATIYE  FBEQUENOT  OF  DIFFBBENT  TELOOITIBS  OF  WIND. 

engine  constructed  to  act  with  a  certain  velocity  of  wind,  as  measured  by  a 
Robinson  anemometer  as  usaally  constructed.  The  question  being  one  on 
which  I  have  more  than  once  been  asked  to  supply  information,  the  results 
may  be  presumed  to  possess  some  general  interest. 

The  discussion  was  confined  to  the  five  years  1888  to  1892,  the  record  of 
the  Robinson  anemometer  of  the  Royal  Observatory,  Greenwich  (giving 
horizontal  velocity),  being  employed.  In  tabulating  from  the  records,  the 
hourly  velocity  is  entered  to  the  nearest  mile.  On  each  day  through  the 
period  mentioned  the  number  of  hours  for  each  of  the  several  velocities 
recorded  was  counted,  placing  in  the  first  column  the  number  of  hours  (if 
any)  for  which  the  tabulated  value  was  either  0  or  1  mile ;  in  the  following 
column  the  number  of  hours  of  tabulated  values  of  either  2  or  8  miles ; 
and  so  on.  The  combination  of  the  five  months  of  January  gave  165  days, 
or  8720  hours.  February  gave  in  all  142  days,  or  8408  hours ;  March 
8720  hours,  and  so  on.  In  April  and  May  there  was  a  deficiency  caused  by 
the  loss  of  record  for  nine  days  at  the  end  of  April,  and  eight  days  at  the 
beginning  of  May,  of  the  year  1889.  In  all  other  months  the  full  number 
of  days  is  available.  The  results  (monthly  sums  of  hours  at  different 
velocities)  are  given  in  Table  I.,  the  mean  daily  velocity  for  each  month,  on 
the  mean  of  the  five  years,  being  also  added.  No  regard  has  been  paid  to 
direction  of  wind. 

The  number  of  hours  being  necessarily  different  in  different  months,  the 
monthly  sums  were  not  strictly  comparable.  To  make  them  so  they  were 
proportionately  altered  where  necessary,  so  as  to  correspond  to  monthly 
periods  of  80  days,  giving  for  each  month  of  the  year,  in  all  150  days,  or 
8600  hours.  These  corrected  results  will  be  found  in  Table  II.,  the  quarterly 
and  yearly  sums  being  also  exhibited  graphically  in  the  diagram  (Plate  FV.). 

In  each  quarter  of  the  year  (see  Table  11.)  the  wind  blew  for  the  greatest 
number  of  hours  with  the  hourly  velocities  of  10  or  11  miles,  and  this 
was  the  case  also  in  each  separate  month,  excepting  those  of  September  and 
December.  In  autumn  and  winter  nearly  as  many  hours  were  registered  at 
velocities  considerably  lower,  but  in  spring  and  summer  the  numbers  of 
hours  at  the  corresponding  lower  velocities  were  distinctly  less  than  at  the 
velocities  of  10  and  11  miles.  With  velocities  greater  than  11  miles,  the 
number  of  hours  very  rapidly  falls  off,  in  all  months  of  the  year. 

Comparing  spring  and  winter  taken  together  with  summer  and  autumn  taken 
together  it  is  seen,  neglecting  velocities  below  4  miles,  that  from  velocities 
4-6  miles  to  velocities  12-18  miles  the  wind  blew  for  a  greater  number  of  hours 
in  summer  and  autumn  than  in  spring  and  winter,  but  that  for  velocities  above 
18  miles  this  is  reversed,  the  number  of  hours  in  spring  and  winter  being  the 
greater,  the  difference  increasing  rapidly  with  increase  of  velocity.  On  con- 
sideration it  will  be  understood  that  this  is  a  result  that  might  be  expected. 
Summer  and  autumn  are  not  seasons  of  heavy  gales,  so  that  the  number  of 
hours  registered  at  moderate  velocities  will  necessarily  be  greater  than  in 
spring  and  winter.  On  the  other  hand,  the  gales  of  spring  and  winter  cause 
a  greater  number  of  hours  of  higher  velocities  to  be  then  registered  thaa  in 
summer  and  autumn, 
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Comparing  together  the  valaes  in  any  one  of  the  y^rtieal  colomns  of 
Table  IE.,  we  get  an  idea  of  the  relative  frequency  of  a  given  velocity  of  wind 
in  different  months  of  the  year,  that  is  an  indication  of  the  months  in  which 
the  greatest  number  of  hoars  for  any  particular  velocity  may  be  expected  to 
occur.  There  is  a  certain  irregularity  in  the  values  in  the  months  of  March 
and  December,  due  to  the  mean  velocity  in  these  months  (first  column  of 
Table  I.)  being,  in  March  especially  high,  and  in  December  remarkably  low, 
an  irregularity  that,  if  a  longer  series  of  years  had  been  employed,  might 
have  disappeared.  Making  some  allowance  for  this,  the  numbers  of  Table  H. 
may  be  seen  to  indicate  generally  the  manner  of  distribution  of  wind  velocity 
in  different  parts  of  the  year.  But  considerable  variation  may  be  expected 
to  occur  in  the  same  month  in  different  years,  as  is  indeed  the  case  with  the 
results  for  the  separate  years  1888  to  1892,  which,  having  regard  to  economy 
of  space,  it  was  not  thought  necessary  to  give  in  detail. 

The  wind  velocities  here  discussed  depend  on  results  deduced  by  use  of 
the  fiictor  8  (relation  of  movement  of  cups  to  velocity  of  wind).  The  effect  of 
substituting  a  variable  flEtctor  more  nearly  in  accord  with  experiment  (as  kindly 
made  by  Mr.  Dines)  would  be  (see  the  diagram)  to  make  the  ascent  to  the 
maximum  more  steep,  and  the  descent  after  the  maximum  more  rapid,  without 
really  displacing  the  position  of  maximum  (for  which  particular  velocity  the 
fiictor  8  as  nearly  as  possible  agrees),  or  indeed  affecting  the  general  rela- 
tions of  things  indicated  by  the  results  as  presented. 

The  revolving  cups  of  the  anemometer  are  56  feet  above  the  a^i^^^^^ 
ground,  and  211  feet  above  mean  sea-level. 


Addendum,  Jxtne  20tb,  1894. 

On  the  oocasion  on  which  my  paper  <<0n  the  Relative  Frequency  of 
different  Velocities  of  Wind**  was  read  before  the  Society,  a  wish  was  ex* 
pressed  that  I  should  add  a  table  giving  the  corresponding  hourly  velocity 
of  the  wind  at  different  hours  of  the  day.  I  stated  that  this  had  not  been 
done  because  the  individual  volumes  of  Ghrsenwich  Oburoations  contained 
such  information  for  each  particular  year.  But  it  has  since  appeared  to  me 
that  there  would  be  convenience  in  adding  this  related  information,  and  what 
I  have  done  is  to  collect  the  results  for  the  five  years  1888  to  1892,  as 
appearing  in  the  separate  Greenwich  volumes,  and  combine  them  to  form  a 
table  of  mean  values  for  the  whole  period  (p.  242),  thus  providing  results 
which  are  comparable  with  those  given  in  the  paper. 
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DISCUSSION. 

Admiral  J.  P.  Maclear  said  that  it  wotdd  be  inter-^sting  to  compare  the 
results  from  the  Greenwich  wind  records  with  observations  of  wind  force  at 
sea.  The  average  rate  of  a  sailing  vessel  was  120  miles  a  day,  or  about  5  knots 
an  hour,  a  rate  of  travel  which  wonld  require  a  wind  force  closely  approxi- 
mating the  most  frequent  hourly  velocity  at  Greenwich. 

Mr.  C.  Qarding  mquired  whether  any  correction  for  friction  had  been  ap-- 
plied  to  the  observations,  because  he  thought  that  probably  friction  might  be 
the  cause  of  some  of  the  irregularities  shown  in  the  figures  for  hourly  velocities 
of  12  to  18  miles.  But,  as  Mr.  Ellis  had  said,  five  years*  results,  though 
valuable,  could  not  be  regarded  as  affording  trustworthy  data,  particularly,  too,- 
as  the  period  discussed  appeared  to  have  been  a  more  than  usually  calm  series 
of  years.  It  would  be  an  interesting  addition  to  the  paper  if  the  mean  hourly 
velocities  were  giVen. 

rMr.  W.  Ellis,  in  reply,  said  that  no  correction  had  been  applied  to  the  figures, 
the  tabulations  having  been  made  direct  from  the  anemometrical  records. 
Nothing  had  been  said  in  the  paper  about  hourly  velocities,  because  the  mean 
hourly  velocities  for  each  month  m  the  year  were  given  annually  in  the  Green- 
wich volumes. 


AUDIBILITY  OF  "BIG  BEN"  AT  WEST  NORWOOD 
UNDER  CERTAIN  METEOHOLOGICAL  CONDITIONS. 

By  WILLUM  MARRIOTT,  F.R.Met.Soc. 


[BeadMay  16th,  1894.] 
.  In  the  year  1882,  when  preparing,  in  co^jonction  with  the  Hon.  Ralph 
Abercromby,  a  paper  on  "Popular  Weather  PrognosticB,*!  I  found  that 
there  was  ia  lack  of  observationB  on  the  travel  of  sound — or  audibility — ^in 
relation  to  meteorological  conditions.  As  I  could  occasionally  hear  in  my 
garden  at  West  Norwood  *«  Big  Ben"  of  Westminster  striking  the  hours,. 
I  decided  upon  recording  in  my  note  hook  whether  I  could  hear  the  hell  at  the 
usual  hours  of  observation,  viz.  9  a.m.  and  9  p.m.  My  garden,  which  was 
abont  180  feet  above  sea  level,  was  on  gromid  sloping  to  the  north,  and  was 
perfectly  open  in  that  direction.  The  Clock  Tower  at  Westminster  could 
be  seen  from  the  upper  part  of  the  house,  and  was  distant  about  five  miles 
and  a  half  in  a  north  by  west  direction. 

The  Clock  Tower  is  situated  at  the  northern  end  of  the  Houses  of  Parlia- 
ment, and  closely  abuts  on  Westminster  Bridge.  The  toiler,  which  is  40 
feet  square,  is  surmounted  by  a  richly  decorated  belfry  and  spire  rising  to 
theheight  of  about  820  feet.  The  clock  has  four  dials,  which  are  22}  feet  in 
diameter.  The  minute  spaces  are  a  foot  square,  and  the  figures  2  feet  long. 
The  dials  and  hands  cost  £5,884,  or  more  than  the  clock  and  the  bells 
together. 

The  large  bell,  '*  Big  Ben,"  weighs  about  14  tons,  and  is  9  feet  5i  inches 
ifi- diameter  and  9f  inches  in  thickness.  On  one  side  of  its  waist  is  cast  a 
represen^pn  of  the  portcullis  of  Westminster,  and  on  the  other  side  tb^ 
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arms  of  England.  Bound  the  outer  lip  is  cast  in  Gothic  letters :  "  This 
bell  was  cast  by  George  Hears,  of  Whitechapel,  for  the  clock  of  the  Houses 
of  Parliament,  under  the  direction  of  Edmund  Beckett  Denison,  Q.C.,  in  the 
2lBt  year  of  the  reign  of  Queen  Victoria,  and  in  the  year  of  our  Lord 
MDCCCLVm/' 

The  tone  of  the  bell  is  E.  The  hammer  weighs  4  cwt.,  and  is  lifted  18 
inches  from  the  bell,  or  about  9  inches  vertically.  The  gearing  is  so 
arranged  that  the  hammer  falls  exactly  when  the  clock  reaches  the  60th 
second  of  the  last  minute  of  the  hour ;  while  at  the  1st,  2nd,  and  8rd 
quarters  of  the  hour  the  first  bell  of  the  chimes  is  struck  at  those  times  re- 
spectively, the  4th  quarter  being  let  off  about  20  seconds  before  the  hour 
so  that  it  may  have  done  chiming  before  the  hour  begins  at  the  real  time. 

The  observations  extended  from  October  1882  to  November  1887,  and 
were  made  as  frequently  as  I  could  be  sure  that  I  was  within  range  of  hear- 
ing the  bell  at  the  precis  time  of  striking.  As  the  bell  could  at  times  be 
heard  more  distinctly  than  at  others,  I  adopted  the  following  scale,  viz«: — 

0"when  **  Big  Ben  "  could  not  be  heard  at  all 
1»     „  „  „      be  heard  faintly 

2"     I,  „  „  „      distinctly 

8=     „  „  „  „      very  distinctly 

There  were  in  all  976  observations,  which  were  distributed  as  follows : — 


9a.h. 

9 

fM. 

Mo.  of        pw 

No.01 

^P« 

Obs.          oent. 

Olw. 

^Mnt. 

Big  Ben  "  not  heard 

...     261         76-8 

481 

66-4 

„      „      heard  fiuntly     ... 

...       64        19-6 

160 

24-7 

„      „         „     distinctly... 

8          2-4 

61 

79 

„      „         „    very  distmctly 

4          1-2 

7 

1-0 

It  will  thus  be  seen  that ''  Big  Ben  "  could  be  heard  more  frequently  in  the 
evening  than  in  the  morning.  This  may  possibly  be  due  to  there  being  less 
noutf— such  as  that  caused  by  trains,  vehicles,  machinery,  &c. — ^in  the  even- 
ing than  in  the  morning.  With  the  view  of  testing  this  point  still  farther, 
I  extracted  all  Bunday  observations,  the  results  of  which  show  that  the  bell 
can  be  heard  to  much  greater  advantage  on  Sundays  than  on  week  days : 

Bunday  observations 

'*  Big  Ben  "  not  heard 

„    „       heard  faintly     ... 

„     „  „     distinctly ... 

„    »  »    very  distinctly 

The  results  of  the  observations  are  shown  graphically  in  the  Itccompany- 
ing  diagrams,  in  which  the  thick  lines  represent  the  percentage  of  audibility 
on'  the  number  of  observations  given  in  figures  at  the  bottom  of  each  line. 

Wind. — "  Big  Ben  "  was  most  frequently  heard  with  winds  from  West  to 
}Hor\hf  and  less  frequently  with  winds  from  Bouth  to'East*    (Fig.  1.) 


9A.H. 

9p.k. 

Ko.  of       per 

No.  of      pa 

Obi.       oent 

Obs.        cent. 

86        72-9 

78        600 

22        19-6 

84        26-2 

6          4-8 

16        ll'S 

4          8-8 

8          2-8 
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^^ 


The  percentage  of  aadibility  was  greatest  on  Sunday  evenings,  *'  Big  Ben  *' 
being  heard  with  all  winds,  but  most  frequently,  as  before,  from  West  to 
North.     (Fig.  2.) 


24    JS2\ 


Fio.  1.— Aadibility  of  •*  Big  Ben  *'  witb  different  Windp.  The  thick  lines  show  the 
peroentage  of  aadibility  and  the  figures  at  the  extremity  of  the  radii  the  number  of 
obserratlons. 


Fzo.  2.  -Aadibility  of  **  Big  Ben "  with  different  Winds.    Sanday  Observations  only. 


Barometer. — From  the  morning  observations  it  appears  that  the  percen- 
tfige  of  audibility  was  greater  with  the  low  and  the  high  readings  of  the 
barometer  than  with  the  intermediate  readings.  A  somewhat  similar  group- 
ing appears  in  the  evening  observations,  although  the  differences  in  the 
percentages  are  not  so  marked  as  in  the  morning  observations.     (Fig.  8.) 

From  an  examination  of  tlie  Dai/y  Weather  Charts  for  a  number  of  days 
on  which  **  Big  Ben  **  was  heard,  it  appears  that  the  conditions  most  favour- 
able for  audibility  are  when  a  cyclonic  disturbance  is  to  the  eastward  of 
London  or  when  an  anticy clonic  area  is  in  the  neighbourhood.  Under  some 
such  circumstances  there  is  a  tendency  for  the  wind  to  blow  as  a  downward 
current,  and  so  probably  to  carry  the  sound  for  a  greater  distance  along  the 
florfiMe  of  the  earth|  than  when  other  conditions  prevail,  as  when  the  wind 
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has  an  upward  tendency  and  will  carry  the  soond  rather  in  an  upward 
direction  than  along  the  surface  of  the  ground. 
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Fift.  S.^Andibility  of  ** Big  Ben"  with  different  heights  of  the  Barometer.  The 
thick  lines  show  the  percentage  of  audibility,  and  tiiie  flgares  below  tiie  number  of 
observations. 


On  two  occasions  the  quarter  chimes  were  also  heard.  These  were : 
(1)  on  Sunday,  Octoher  17th,  1886,  at  9  p.m.,  when  we  were  in  the  rear  of 
a  slow  moving  depression ;  and  (2)  on  Wednesday,  March  80th,*  1887»  at 
9.80  p.m.,  when  we  were  on  the  eastern  side  of  an  anticyclone. 

Temperature. — ^In  the  morning  the  percentage  of  audibility  appears  to  be 
greater  with  low  temperatures  than  with  high  temperatures.  As  possibly 
the  low  temperatures  occurred  with  radiation  weather,  there  might  be  a 
downward  current  which  would  be  favourable  for  audibility ;  while  with  the 
higher  temperatures  there  would  probably  be  an  ascending  current,  which 
would  be  unfavourable  for  audibility. 

The  percentages  of  audibility  are  much  more  uniform  in  the  evening, 
when  probably  the  air  has  mostly  a  downward  tendency.     (Fig.  4.) 

Cloud, — The  percentage  of  audibility  in  the  morning  appears  to  be  greater 
with  clear  skies  than  with  cloudy  o&es,  while  in  the  evening  the  opposite 
occurs.    (Fig.  6.) 

A  curious  point  brought  out  by  these  observations  is  that  the  sky  was 
most  frequently  overcast  at  9  a.m.,  and  that  at  9  p.m.  it  was  either  dear  or 
overcast,  the  intermediate  amounts  of  doud  being  very  small. 

Deference   between   Dry   and    Wet  Thermameters,-^^e  percentage  of 
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ftndibility  appears  in  the  morning  to  be  greatest  when  the  difference  between 
the  dry  and  wet  bulb  thermometers  was  from  1^  to  8^ ;  while  in  the  evening 
the  percentages  are  much  more  uniform.    (Fig.  6.) 
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Fia.  4.— Audibility  of  **  Big  Ben  "  with  different  Temperatares. 
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Fig.  5.^Aadib]litj  of  **  Big  Ben ''  with  different  Amounts  of  Cloud. 


Digitized  by  VjOOQIC 


U6 


llAfiRIOtT — ^AtTDlBILITY  OF    "  fiia  BBN  *^   AT  WBSt  KOKWoob. 


Dr.  Tyndall,  on  January  16ih,  1874,  at  the  Bojal  Institntion,  gave  a  lec- 
ture ''  On  the  Acoustic  Transparency  and  Opacity  of  the  Atmosphere," 
which  embraced  the  scientific  results  of  an  inquiry  on  fog  signals,  under- 
taken at  the  instance  of  the  Elder  Brethren  of  the  Trinity  House.    In  con- 
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Fig.  6.— Audibility  of  **  Big  Ben  "  with  dififerenoes  between  the  Dxy  and  Wet  Thermo- 

metera. 

eluding  the  lecture  he  said  :  "  The  real  enemy  to  the  transmission  of  sound 
through  the  atmosphere  has,  I  think,  been  clearly  revealed  by  the  foregoing 
inquiry.  That  enemy  has  been  proved  to  be  not  rain,  nor  hail,  nor  haze 
nor  fog,  nor  snow — ^not  water,  in  fact,  in  either  a  liquid  or  a  solid  form — ^bni 
water  in  a  vaporous  form,  mingled  with  air  so  as  to  render  it  acoustically 
turbid  and  flocculent.  This  acoustic  turbidity  often  occurs  on  days  of  snr* 
prising  optical  transparency.  Any  system  of  measures,  therefore,  founded 
on  the  assumption  that  the  optic  and  acoustic  transparency  of  the  atmov* 
phere  go  hand  in  hand  must  prove  delusive.'*^ 


DISCUSSION. 

The  PBfisiDENt  (Mr.  B.  Inwards)  said  that  it  was  interesting  to  find  that  there 
was  a  fair  degree  of  agreement  between  the  amount  of  cloud  and  the  audibility 
of  "  Big  Ben.**  It  would  be  interesting  if  the  height  and  form  of  cloud  could  be 
considered  in  this  connection,  as  it  was  conceivable  that  a  sheet  of  stratus  doud 
would  be  more  effectual  in  reflecting  the  sound  earthwards  than  would  clouds  of 
irregular  fonn. 

1  Proceedings  qfthe  Eoyal  Inttitution.    Vol.  VII.  p.  178* 
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Mr.  F.  Gastsb  said  that  his  residenoe  in  Acre  Lane,  Brixton,  was  about  8 
miles  due  south  of  *^  Big  Ben,*'  but  he  was  sure  that  he  heard  the  clock  bell 
more  frequently  with  Westerly  than  with  Northerly  winds.  This  curious  state 
of  things  was  to  be  partly  accounted  for  by  the  fietct  that  Westerly  winds  were 
the  winds  of  greatest  frequency,  but  there  was  one  condition  of  pressure  distri- 
bution which  also  assisted  in  producing  this  effect.  When  a  depression  had 
passed  over  London,  and  pressure  became  highest  in  the  south,  the  wind  fre- 
quently was  West-south-west  at  the  earth^s  surface,  while  at  a  comparatively 
snort  distance  above  the  earth  it  blew  from  a  North-westerly  direction,  and  it 
was  this  upper  current  which  conveyed  the  sound. 

Capt.  D.  Wilson-Babkbb  alluded  to  some  experiments  which  had  been  car- 
ried out  in  American  waters,  in  which  a  distinction  had  been  drawn  between  re- 
flected sounds  and  sounds  which  came  direct.  The  manner  in  which  sounds 
were  heard  at  sea  was  most  curious,  and  a  small  sail  on  a  vessel  had  been  Imown 
to  reflect  the  sound  of  a  whistle  in  an  altogether  astonishing  manner. 

Mr.  B.  H.  Scott  drew  attention  to  the  reports  published  by  Professor  Mohn  in 
the  Annalen  der  Bydrographie  for  1892  and  1898  of  his  inquiriAS  into  fog  sig- 
nals. These  were  conducted  at  the  Island  of  Farder,  in  the  Christiania  Fjord,  as 
complaints  of  the  frequent  inaudibility  of  the  Farder  siren  had  reached  Christi- 
ania. Hie  island  is  isolated,  so  that  the  sound  could  be  tested  in  eJl  directions. 
An  abstract  of  results  given  in  the  first  report  will  be  found  in  the  Quarterly 
Journal,  Vol.  XIX.  p.  61.  The  chief  feict  is  that  sounds  are  heard  best  to  lee- 
ward, and  better  across  the  wind  than  to  windward.  They  travel  better  in  warm 
than  in  cold  weather,  but  under  all  circumstances  there  are  great  variations,  as 
yet  unexplained,  in  the  audibility  of  sounds.  They  are  heard  better  at  the  mast 
head  than  on  deck,  evidently  because  the  sound  waves  are  reflected  from  hori- 
zontal strata  of  air.  The  second  report  deals  with  an  attempt  to  account  for 
the  variability  of  the  distance  at  which  the  sound  can  be  heard. 

Mr.  G.  J.  Stmons  said  that  when  he  first  went  to  reside  in  Camden  Town 
(which  was  north  of  Westminster)  in  1857,  he  was  accustomed  to  hear  "  Big 
Ben "  twice  or  thrice  a  week ;  but  now,  owing  probably  to  the  increase  in 
buildings,  &c.,  the  bell  was  rarely  heard  more  than  once  in  three  weeks  or  so. 
The  audibility  of  "  Big  Ben  "  was  regarded  at  his  house  as  an  in£EJlible  sign  of 
wet  weather.  It  was  rarely  heard  except  with  wind  at  South-south-east  to 
Bouth-south-west,  and  rarely  except  at  ni^ht,  when  the  traffic  in  town  was  less. 

Mr.  B.  H.  CuBTis  said  it  appeared  to  hmi  that  the  paper  merely  showed  the 
relative  frequency  of  Northerly  winds  at  Mr.  Marriott's  residence,  and  all  the 
l^enomena  mentioned  were  such  as  one  would  expect  to  find  with  such  winds. 
The  wind  diagrams  showed  that  the  sound  was  only  heard  when  the  wind  was 
Northerly  or  North-westerly,  and  with  such  winds  there  would  of  course  be 
either  a  low  pressure  area  to  the  eastward  or  an  anticyclone  to  the  westward,  as 
1^.  Marriott  said  was  the  case ;  in  the  former  cases,  the  depression  having 
passed  away  to  the  eastward,  the  sky  would  have  cleared  and  the  amount  of 
doud  would  be  small,  while  in  the  latter  the  sky  would  generally  be  overcast, 
and  thus  there  would  be  the  two  extremes  of  cloudiness  mentioned ;  and  in 
both  cases  one  would  expect  a  low,  or  relatively  low,  temperature. 

Admiral  J.  P.  Macleab  remarked  that  the  difference  in  the  audibility  of 
the  voices  of  ships'  officers  in  stormy  weather  at  sea  was  very  remarkable,  and 
strong-voiced  men  who  shouted  their  orders  could  only  be  heard  at  a  short 
distance,  while  weaker  voices,  but  of  a  reedy  quality,  were  audible  for  the  whole 
length  of  the  ship.  He  (Admiral  Madear),  when  a  lieutenant,  had  to  make 
his  voice  heard  throughout  three  decks,  and  he  found  that  the  best  way  to 
accomplish  this  was  to  intone  the  orders. 

Mr.  W.  Ellis  said  that  he  also  had  not  unfrequently  heard  *'  Big  Ben  "  at 
Greenwich,  which  was  about  the  same  distance  from  Westminster  as  West 
Norwood.  That  it  was  really  •*  Big  Ben  "  that  was  heard  was  known  by  noting 
the  interval  between  the  successive  strokes  in  striking  the  hour. 

Mr.  C.  Hardinq  said  that  he  resided  at  Brixton,  on  the  south  side  of  **  Big 
Ben,"  and  always  regarded  the  audibility  of  the  bell  as  indicative  of  fine 
weather.  Concerning  the  question  of  inversion  of  temperature,  Mr.  Glaisher 
in  his  balloon  ascents  had  found  at  evening  time  an  increase  of  temperature 
with  elevation  above  the  earth's  surface,  extending  to  a  height  of  2,000  feet. 

Pr.  A.  BuCHAN  said  ihat  the  audibility  of  sound  depended  upon  the  homo- 
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geneity  of  the  atmosphere,  and  vertical  air  cnrrents  would  distiirb  this  oondition. 
In  the  summer  there  would  be  ascendixig  currents  with  a  warm  temperature  in 
the  morning,  and  descending  currents  with  a  cooler  atmosphere  at  night,  conse- 
quently the  hours  of  9  a.m.  and  9  p.m.  were  rather  unfavourable  to  the  distinct 
transmission  of  sound.  A  more  suitable  hour  of  observation  would  be  about 
4  p.m.  In  the  rear  of  cyclones,  when  North-westerly  winds  prevailed,  the 
atmosphere  was  most  homogeneous,  as  the  temperature  was  even  and  the  wind 
current  deep  and  strong.  The  difference  between  the  audibility  in  the  morning 
and  evening  was  doubtless  due  to  the  difference  in  the  noise  in  London  at  the 
hours  of  observation  as  well  as  of  atmospheric  conditions. 

Mr.  W.  Marriott,  in  reply,  said  that  his  observations  of  the  audibility  of 
'*  Big  Ben  *'  had  been  brought  to  an  end,  owing  to  his  removal  to  a  house  situ- 
ated on  the  south-east  slope  of  a  hill  where  *'  Big  Ben  "  was  very  rarely  heard, 
although  the  distance  between  this  and  the  former  place  of  observation  was 
only  a  quarter  of  a  mile.  The  observations  discussed  in  the  paper  were  £Bkirly 
distributed  over  the  year.  The  effect  of  the  inversion  of  temperature  on  the 
transmission  of  sound  was  an  interesting  question,  and  it  would  be  a  good  thmg 
if  a  set  of  meteorological  observations  were  made  at  the  top  of  the  Westminster 
Clock  Tower. 


EARTH  TEMPERATURES  AT  CRONKBOURNE,  ISLE  OF  MAN,  1880-89. 
By  a.  W.  MOORE,  M.A. 


[Received  April  27th.— Bead  May  16th,  1894.] 

Thr  following  are  the  results  of  10  years'  observations,  at  9  a.m.,^  of  the 
temperatures  recorded  by  thermometers  placed  respectively  at  1,  2,  8,  uid 
4  feet  below  the  level  of  the  ground  (Table  I.),  as  compared  with  the  shade 
temperature  at  4  feet  above  it,  taken  at  9  a.m.  and  9  p.m.  and  9  a.m.  only, 
and  with  the  daily  minimum  on  the  grass.  Generally  speaking,  the  results 
are  very  much  what  might  have  been  expected  a  priori^  but  still  the  varia- 
tions of  temperature  are  curious  and  interesting.  The  highest  annual  mean, 
48^*5,  has  been  recorded  at  4  feet  below  the  ground ;  8  feet  being  next, 
with  48°-4  ;  2  feet,  with  48"-8 ;  1  foot,  with  47^-8  ;  while  the  mean  shade 
temperature  at  9  a.m.  and  9  p.m.  for  the  same  period  was  47^*9,  and  at 
9  a.m.  only,  49°*0.  It  will  be  noticed  that  all  these  underground  tempera- 
tures, except  that  at  1  foot,  are  above  the  mean  annual  temperature,  taken  at 
9  a.m.  and  9  p.m.,  at  4  feet  above  the  ground,  but  this  may  be  partly 
accounted  for  by  the  underground  thermometers  being  momentarily  exposed 
to  the  air*  at  9  a.m.,  when  the  temperature  is  higher  than  the  mean  between 
9  a.m.  and  9  p.m. ;  also  that  the  variation  of  temperature  between  the  differ- 
ent levels  is  not  similar,  that  between  1  and  2  feet  being  0^*5,  between  2  ind 
8  feet,  0°-l,  and  between  8  and  4  feet,  0°-l. 

1  The  thennometers  are  fastened  to  a  wooden  lath  enclosed  in  a  round  iron  tube. 

*  The  thermometers  were  pulled  op,  read,  and  palled  down  in  about  15  seconds,  but 
it  should  be  noted  that  the  1  foot  thermometer  would  be  exposed  a  slightly  longer  time 
to  the  influence  of  the  outside  temperature  than  the  one  at  2  feet,  and  so  on. 
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The  next  point  we  may  note  is  that,  while  the  thennopaeter  at  1  foot  below 
the  gronnd  attains  its  mazimiun  of  57^*2  in  July,  and  its  minimum  of 
40°*5  in  January,  corresponding  with  th^shade  temperature^  of  56^*9, 
and  of  40^*8  in  the  same  months ;  the  thermometer  at  2  feet  attains  its 
maximum  of  56^*6  in  August,  and  its  minimum  of  41^*6  in  February  ;  and 
the  thermometers  at  8  and  4  feet  attain  their  maxima  of  55^*9  and  55^*6, 
respectively,  in  August,  and  their  minima  of  42^*1  and  42^-6  in  March. 

It  will  he  observed  also  that,  at  4  feet  below  the  ground,  October  is 
warmer  than  May ;  at  2,  8,  and  4  feet  below,  September  is  warmer  than 
June ;  and,  at  4  feet,  not  only  is  December  warmer  than  April,  but  Novem- 
ber is  warmer  than  May,  all  these  being  the  exact  reverse  of  what  obtains 
above  ground. 

The  temperatures  below  the  ground  tend  to  follow  the  same  laws  as  temper- 
atures on  the  surface  of  the  sea  in  attaining  their  maximum  later  in  the  year 
than  on  the  ground  or  above  it,  and  their  minimum  later  in  the  year  than 
above  the  ground. 

Another  point  of  comparison  is  the  variation  of  temperature  between  the 
warmest  month  and  the  coldest,  which,  referring  again  to  Table  I.,  is^ftt 
1  foot,  16°-7,  at  2  feet,  15^-0,  at  8  feet,  18^-8,  at  4  feet,  13°-0,  that  at 
4  feet  above  the  ground  being  16^*6.  It  will  also  be  observed  that  these 
variations  of  the  underground  thermometers,  like  those  previously  referred 
to,  are  not  similar,  that  between  1  and  2  feet  being  1^*7,  that  between  2  and 
8  feet,  1^-2,  and  that  between  8  and  4  feet,  QP-S. 

TABLB  L— Mbar  MoNTm.T  Gboumd  Ticmpbbatuhbs,  at  9  a.m.,  1880-1889. 


Month. 

Below  Gronnd. 

On  Gronnd. 

Above  Gronnd. 

I  ft. 

2  ft. 

3  ft. 

4  ft. 

Grass   Min. 

9  a.m. 

and 

9p.m. 

9  a.m. 

January .... 
Febmazy   ,. 
March    .... 
April 

May    

June    .... 

July    

Aagnst    .... 
Soptember . . 
October  . . 
November  . . 
December 

Tear    

0 

40-5 
407 
40-5 

43*9 
490 

54'4 
57-2 
57-0 

54'4 
49-0 
45-2 
41-8 

47-8 

0 

416 

41-8 

44a 

484 

535 
56-4 
566 

51-8 
503 
467 

43-6 
483 

1 
0 

425 
421 
421 
441 

47*9 
52-4 

55*4 
559 
547 
512 
47-6 
44-5 

48-4 

0 
43-2 
427 
426 

44-3 
47-6 

517 

556 
547 
51*5 
48-2 

45-3 

0 
32-3 
34-0 
31-8 

34-5 
38-6 

439 
477 
466 
43-8 
385 
359 
317 

38-3 

0 
40-3 
407 
40*8 
44-6 
49*5 
550 
569 
569 

',n 

45-2 
414 

40-3 
412 

416 
460 
514 

.    571 
588 

58-9 

49-8 
45-6 
41*4 

48-5 

479 

49-0 

It  is  curious,  too,  that  the  greater  variation  at  1  foot  below  the  ground 
should  be  slightly  more  than  at  4  feet  above  it,  but  this  is  partly  caused,  no 

1  These  comparisons  are  made  with  the  temperature  at  9  am.  and  9  p.m.,  not  with 
th»t  ftt  9  a.m.  only. 
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doubt,  by  the  former  temperatures  being  taken  at  9  a.m.  only  when  the  tem- 
perature varies  more  than  at  9  p.m.  The  thermometer  at  1  foot  below  the 
ground  registers,  as  might  have  been  expected,  the  lowest  temperatures 
of  the  four  in  the  coldest  months,  viz.  January,  February,  March,  April, 
October,  November,  and  December,  and  the  highest  temperatures  in  the 
warmest,  viz.  May,  June,  July,  and  August. 

As  regards  the  thermometers  at  2  and  8  feet,  that  at  2  feet  is  warmer  than 
8  feet  in  April,  May,  June,  July,  August,  and  September,  and  colder  in  the 
other  months. 

It  will  be  seen  that  in  all  cases  there  is  practically  no  rise  of  temperature 
from  the  lowest  point  till  April,  and  that  it  then  increases  less  rapidly  at  2 
feet  than  at  1  foot,  at  8  feet  than  at  2  feet,  and  at  4  feet  than  at  8  feet,  till 
between  June  and  July,  when  the  process  is  reversed  and  the  lowest  ther- 
mometer increases  most  rapidly.  Between  August  and  September  a  general 
decrease  begins,  being  most  rapid  at  1  foot,  and  least  rapid  at  4  feet,  and  so 
continues  till  between  December  and  January,  when  the  lowest  thermometer 
again  descends  most  rapidly. 

It  will  be  observed  from  Table  11.  that  the  temperature  under  the  ground 
varies  less  from  year  to  year  than  that  above  it.  Thus,  in  the  years  before 
us  the  year  1881,  taking  an  average  of  the  temperatures  at  from  1  to  4  feet, 
was  the  coldest  both  below  and  above  grouud,  and  the  year  1884  the  warmest. 
The  mean  difference  between  the  temperature  below  ground  of  1884  and 
1881  was  1^-7,  and  that  above  ground  2^*2. 

TABLB  II.^Tbablt  Gkound  Tskpbiutubbs  at  9  ▲.!!.,  1880-1889. 


Years. 

Below  Groond. 

Grass 
Min. 

Above 

Ground 

4  ft. 

I  ft. 

aft. 

3  ft. 

4ft. 

1880 
1881 
1882 
1883 
1884 
1885 
1886 

1889 

486 

%l 

47-5 
487 
47-0 

47-2 
477 

48-6 

48% 

47-6 

48-9 

48-00 

49-1 

476 

%^ 

47-8 
490 

48-9 
47*5 
49*1 
48-0 

49"3 
477 

489 

48-9 
47-8 
49-6 
484 
49*3 
47;9 

488 
480 
49-0 

0 
40*2 

37*9 
40'0 

39-1 
39-3 

?^ 

361 
37'o 
37-3 

4§-4 
468 
48*6 
47-6 
490 
47-2 
47-2 
47-8 

There  appears  to  be  comparatively  very  little  connection  between  the 
temperature  on  the  ground  (grass)  and  below  it,  as  the  temperatures  below 
the  ground  both,  from  year  to  year  and  from  month  to  month,  follow  those 
at  4  feet  above  the  ground  much  more  closely  than  those  on  the  ground. 


DISCUSSION. 

Dr.  W.  Mabcet  said  that  having  recently  had  occasion  to  make  an  investiga- 
tion concerning  earth  temperatures,  the  question  had  arisen  in  his  mind  as  to 
whether  a  thermometer  enclosed  in  an  iron  tube  sunk  in  the  soil  was  the  best 
form  of  exposure  for  ascertaining  the  temperature  of  the  earth.     In  order  to 
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satisfy  himself  on  this  point  he  had  a  special  thermometer  oonstmoted  and 
buried  in  the  soil,  its  btub  being  two  feet  below  the  sorfiEuye,  and  compared  its 
indications  with  those  from  a  thermometer  placed  in  an  iron  tube  (the  usual 
form  of  earth  thermometer)  at  a  similar  depth  in  the  ground.  The  results  of 
this  comparison  showed  that  the  indications  of  the  two  instruments  accorded 
very  closely,  the  thermometer  in  contact  with  the  soil  reading  about  0°'6  lower 
in  cold  weather,  and  the  difference  becoming  less  in  warmer  weather.  The 
comparative  observations  were  carried  on  from  February  to  May  of  the  present 
year,  and  were  brought  to  an  end  through  the  breakage  of  the  thermometer 
buried  in  the  soil. 

Mr.  J.  G.  Stuons  said  that  the  statement  made  by  Dr.  Marcet  was  verv 
satisfactory,  as  he  (Mr.  Symons)  had  always  advocated  the  exposure  of  earth 
thermometers  in  iron  tubes.  A  comparison  between  Mr.  Moore's  observations 
and  the  results  of  a  series  of  21  years'  similar  observations  at  Munich,  published 
by  Dr.  K.  Singer,  showed  that  both  agreed  very  well  together,  and  followed  the 
known  laws  concerning  the  distribution  of  temperature  below  the  earth's 
surfisbce. 


Fogs  reported  with  Strong  Winds  during  the  16  years 
1876-90  in  the  British  Isles. 

Br  ROBERT  H.  SCOTT,  M.A.,  P.R.9. 


[Received  May  Slst. -Bead  Jane  20th,  1894.] 

In  the  paper  which  I  had  the  honour  of  submitting  to  the  Society  in  Jane 
1898,  and  which  was  printed  in  the  Quarterly  Journal,  Vol.  XIX.  p.  229, 
attention  was  drawn  to  the  instances  of  the  occurrence  of  fog  with  forces  of 
wind  of  6,  and  upwards,  on  Beaufort's  scale,  and  that  portion  of  the  paper 
received  special  notice  in  the  discussion  of  the  entire  communication. 

It  has  since  struck  me  that  the  conditions  under  which  these  fogs  were 
reported  were  worthy  of  further  study,  and  that  the  Society  might  possibly 
tolerate  a  farther  notice  on  the  subject.  I  venture  therefore  to  submit  the 
results  of  some  investigations  into  this  somewhat  obscure  phenomenon. 

Firstly,  the  conditions  of  pressure  under  which  these  fogs  have  been  re- 
ported have  been  examined,  in  order  to  leam  whether  these  were  cyclonic  or 
anticyclonic. 

Secondly,  the  actual  weather  reported  on  each  occasion  has  been  noted, 
whether  simply  '*  f,'*  or  qualified  by  any  other  letter  or  letters,  such  as 
"  o,  u,  d,  f,"  (overcast,  ugly,  drizzle,  and  fog,)  which  was  the  report  for 
Dover  on  November  28th,  1878.  It  should  be  remembered  that  these  letters 
are  intended  to  convey  an  account  of  the  weather  which  has  prevailed  during 
the  preceding  twenty-four  hours,  and  that  they  do  not  imply  that  all  the 
different  phenomena  described  appeared  at  once. 

Thirdly,  there  have  been  extracted  not  only  the  temperature  for  the  hour  at 
which  the  fog  was  reported  to  have  been  present,  but  also  the  mftTimnnri 
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temperature  for  the  24  hours  to  which  the  ohservation  belonged.  It  is  evi- 
dent that  if  the  fog  occurred  at  6  p.m.  this  maximum  temperature,  recorded 
next  morning,  represents  the  true  maximum  for  the  day  on  which  the  fog 
was  reported ;  but  that  if  the  fog  was  reported  at  8  a.m.  the  maximum 
temperature  then  observed  would  refer  to  the  24  hours  preceding  that 
particular  epoch. 

Fourthly,  the  rain  has  been  extracted  for  the  preceding  and  the  succeed- 
ing days,  except  in  the  case  of  the  6  p.m.  fogs,  where  the  only  entry  is  thai 
for  the  day  of  which  6  p.m.  is  nearly  the  middle  point,  that  is  the  rain 
reported  at  8  a.m.  next  morning. 

To  each  case  a  few  notes  are  appended,  as  to  the  general  conditions  of 
pressure  and  weather  prevailing  at  the  time. 

In  the  first  place  it  should  be  remarked  that  these  fogs  do  not  occur 
with  typical  anticyclonic  conditions.  This  fact  ;is  obvious,  inasmuch  as  a 
wind  force  of  6,  Beaufort  scale,  implies  steep  gradients,  and  these  are  incom- 
patible with  the  existence  of  an  anticyclone.  The  fogs  can  only  occur  on 
the  outskirts  of  the  anticyclone,  and  as  usually  cyclones  press  rather  closely 
upon  anticyclones,  it  is  often  somewhat  difficult  to  decide  to  which  system  the 
reported  fog  properly  belongs,  whether  to  the  cyclone  or  the  anticyclone. 
Au  attempt  has,  however,  been  made  to  form  a  judgment  on  each  case,  and, 
as  a  result,  the  accompanying  table  is  submitted,  showing  the  number  of  the 
fogs  attributed  to  each  category,  referred  to  winds  from  each  quadrant  of 
the  compass. 

As  to  the  total  number  of  strong  wind  fogs,  the  number  given  in  the 
original  paper  was  128,  but  subsequent  inquiry  had  added  7  to  the  list,  and 
the  total  now  given  for  the  15  years  is  1B5, 

The  following  is  the  classification  : — 


Win  '8  from 

Pyclonio 

Antioyolonio 

or 

doDbtfal 

Total 

N  toENE 

... 

7 

0 

7 

E  toSSE 

... 

18 

...             5             ,., 

18 

S  toWBW 

... 

81 

14 

96 

WtoNNW 

•  •• 

7 

8 

15 

Total  108 

•27 

185 



In  12  instances  fog  was  reported  at  more  than  one  station  at  the  same 
hour. 

As  regards  precipitation,  it  need  scarcely  be  said  that  in  general  none 
occurs  with  ordinary  fogs.  In  the  case  of  the  strong  wind  fogs,  now  under 
consideration,  this  is  far  from  being  a  correct  statement,  although  dryness  is  the 
predominant  condition  of  those  classed  under  anticyclones.  Of  the  27  cases 
of  the  latter  class  of  fog  21  were  dry,  or  at  least  unaccompanied  by  as  much 
as  0*1  in.  of  rain.  Of  the  108  cases  classed  as  cyclonic  fogs  only  80  were 
dry  to  the  same  extent,  and  78  were  either  accompanied  with,  or  followe4 
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immediately  by,  rain,  sometimes  heavy,  and  in  18  cases  exceeding  half-an- 
inch.  It  is  therefore  evident  that  the  majority  of  these  fogs  are  essentially 
wet  fogs. 

We  now  come  to  the  question  of  the  temperature  accompanying  these  fogs, 
and  here  a  very  remarkable  relation  comes  out.  The  temperature  at  the 
epoch  of  these  fogs  is  not  uncommonly  the  maximum  temperature  of  the  day. 

All  the  cases  have  been  picked  out  in  which  the  temperature  at  the  time 
the  fog  was  reported  either  agreed  with  the  maximum  for  the  day  or  fell 
only  1®  below  it. 

Of  the  27  anticydonic  fogs  11  fulfilled  this  condition,  and  of  the  108 
cyclonic  fogs  61  fulfilled  it. 

Accordingly,  out  of  the  whole  number  of  185  fogs  no  less  than  72,  or  54 
per  cent.,  occurred  with  temperatures  either  agreeing  with,  or  very  close  to, 
the  maximum  for  the  day.  If  we  take  in  the  temperatures  differing  2°  from 
the  maximum  we  increase  the  total  of  warm  fogs  to  92  and  the  percentage 
to  69. 

Such  a  condition  as  this  is  rare  in  the  case  of  our  ordinary  calm  weather 
fogs.  These  occur  usually  with  a  sky  clear  above  the  fog,  as  is  evident  to 
everyone,  and  when  radiation  is  consequently  active  ;  for  frequently  when  a 
fog  is  dense  enough  at  the  surface  of  the  ground,  the  sun,  or  moon,  as  the 
case  may  be,  is  visible  through  the  fog,  whereas  any  ordinary  cloud  suffices 
to  obscure  these  luminaries  entirely.  However,  this  question  of  the  relation 
of  fogs  in  general  to  temperature  seems  to  promise  further  results  of  interest, 
and  it  may  be  possible  to  find  material  for  further  communications  if  the 
Society  should  wish  to  receive  such. 

It  appears  interesting  to  examine  into  the  relation  of  these  strong  wind 
fogs  to  storms.  They  sometimes  occur  with  actual  gales,  and  there  were  11 
such  instances  among  the  fogs  classified  as  cyclonic.  No  less  than  25  cases 
are  put  down  as  '^  preceding  severe  gales.*'  That  fogs  sometimes  occur  just 
before  gales  is  well  known,  and  several  such  instances  will  occur  to  most 
persons'  memories.  They  are  frequently  only  the  last  dregs  of  a  regular 
anticyclone  fog,  to  be  dispersed  by  the  incursion  of  the  gale. 

All  the  considerations  put  forth  in  this  paper  appear  to  show  that  we  have 
had  to  deal  with  a  class  of  phenomena  quite  distinct  from  those  accompany- 
ing the  typical  fogs  of  a  London  winter. 

The  fact  of  a  high  temperature  heralding  a  winter  gale  is  well  known,  and 
as  these  strong  wind  fogs  occur  much  more  frequently  with  winds  from  the 
quadrant  from  South  to  West- south-west  than  with  other  winds,  the  Southerly 
winds  being  the  winds  in  the  front  part  of  the  cyclonic  system,  it  may  be 
expected  that  the  fogs  will  also  be  accompanied  by  high  temperature. 

The  overwhelming  majority  of  these  cyclonic  fogs  with  South-westerly 
winds — 81  out  of  108 — and  their  much  greater  prevalence  on  the  south-west 
coast  (Scilly,  Pembroke,  Prawle  Point)  than  elsewhere,  point  distinctly  to 
their  marine  origin.     They  come  in  to  us  from  the  Atlantic  Ocean. 

They  are  apparently  very  thick  mist,  or  very  dense  rain,  and,  in  my 
opinion,  as  expressed  in  my  previous  paper,  they  should  i^ot  receive  t^^ 
XK^me  of  "  fog,"  but  that  of  "  mist," 
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Otolonio  Fogs. 
Winds  from  N  to  ENE. 


Pate. 


1877.  May  19 

t>       If 

1878.  Not.  28 


1879.  April  10 

„  May  30 

1881.  Jan.  19 

1886.  April  20 


Station. 


Stomoway  .... 
Snmborgh  Head 
DoYer     


SdUy 

Sumborgh  Head 
Pembroke 


Yarmoath 


I 


df 

f 
on  d 


of 

f 
bof 


Wind. 


NNE 
ENE 

NNB 


NNE 
NE 
NE 

ENB 


47  5' 
46 

+648 


Rain. 


4246  *oo 


In, 
•02 
•01 
•64 


Notes. 


)  On  Northern  side  of  shal- 

I      low  depression 

In  middle  of  secondary  over 
Straits  of  Dover.  NE 
gale  in  Channel 

Stlil  NE  breeze  in  Channel 

Cydonio,  complex  situation 

(Snow.)  Day  after  *'  bliz- 
zard'* 

Strong  E  winds 


Winds  from  B  to  SSE. 


1876. 


1877. 
1879. 


1880. 

1881. 
1882. 

1883. 

» 
1887. 


NOY. 

«5 

Jan. 

( 

Feb. 

10 

Mar. 

*5 

jQly 

3» 

Sept. 

7 

Mar. 

16 

It 

17 

Feb. 

>4 

April 

22 

Mar. 

2t 

6p 

m. 

Jone  26| 

6p 

.m. 

Jan. 

II 

Wick 


Roche's  Point 
Scilly     


Dover 

Pembroke  . 
Wick 


Scilly     

SciUy     

Pembroke  .... 
Roche's  Poiut 

Hnrst  Castle.. 

Wick... 

Pembroke  . . . . 


rf 
odf 

ofs 

of 

f 

rf 
rf 
rf 
rf 

f 

f 

f 


8E     50 


SB 
SSE 

E 

SSE 

SB 

£3E 
E 
SE 
SB 

ESE 

ESE 

SSB 


48149 
SI 

36 

62 

55 
49 


3945 

58 

48 


In.  In. 
81  -oo 


•'9 
•03 

•01 
•16 
•36 
•a4 


•40 


•75 
•II 

•04 

•08 

•01 

•16 
•37 
•35 
•i5 

•06 
•00 
•17 


1*77  in.  Aberdeen;  I'coin. 
Ardrossan ;  exceedingly 
heavy  rainaboot;  depres- 
sion off  North -west  Coasts 

Before  heavy  Soath  gale 

Barometer  veiy  low,  see 
SSW,  Pembroke 

Before  £  gale,  force  10  at 
Scilly 

Small  shallow  depression  off 
Cork.    See  Scilly,  SSW 

Before  slight  gale;  fog  very 
general  on  NE  coasts 

\  SB  gale  in  Ireland ;  before 

)      £  gale  Scilly 

In  slight  gale.  See  Scilly,  S 

Depression  advancing  to 
Ireland  from  West 

Before  East  gale 

Before  gale,  SSE  9 ;  Stomo- 

way 
In  gale  in  front  of  a  "V" 

shaped  depression 


Winds  from  S  to  WSW. 


1876. 


Jan.  29 
Jan.  30 
Feb.  17 
Feb.  28 
6  p.m. 
Mar.  3 
Sept.  26  Scilly 


Valencia 
Pembroke  . 
Pembroke 
Scilly.... 

Pembroke 


f 

f 
f 

f 

of 
ofd 


SSW 

R 
SW 

sw 

SW 

WiiW 


5» 


55 


65 


Tn. 
•03 
•09 
•40 


Depression  ontside  North- 
west of  Ireland 
Heavy  rain  all  about 
Bain  very  general 

Beginning  of  slight  gale 
Depress-on  over  Cork,  mov- 
ing eastwards 
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Gtclohic  Foob. 
Winds  from  S  to  WSW— ConftnvMi. 


Date. 


1876. 
1877. 


1878. 


1879. 


1880. 
1881. 


Station. 


Deo.  X9 
Jan.  16 


Jan.  %2 


May  17 

June    2 

Aug.  27 
6  p.m. 
Aug.  27 
Oct.  30 
Deo.  18 
Jan.  20 
Feb.   15 

»f 

6  pjn. 

Feb.  s6 

Feb.  28 

Apr.  13 


Nov.  24 

6  p.m. 

Deo,   30 

Jan.   13 

Feb.     9 

April  7 

June  19 
July  7 
July  19 
6  p.m. 
July  20 

July  31 
Aug.  20 

Sept. 

Deo.  18 
Feb.  20 

6  p.m. 
Deo.  22 
Feb.  13 

6  p.m. 

Deo.  24 


Boehe*8  Point  .. 
Sdlly 


Boche's  Point 


Soilly 

Pembroke 

SdUy     

Soilly....... 

Pembroke  . . . 
Boche*B  Point 
Boohe*B  Point 

Sdlly     

SoUly     

Hurst  Castle. 

SciUj     

Soilly     

Scilly     

Scilly 

Dover     , 

Scilly 

Pembroke  .  • , . 

Wick 

Scilly     

Soilly     

Soilly 

Pembroke  . . . . 
Prawle  Point 

Scilly     

SciUy 

ArdroBsan     ., 

Pembroke  ... 
Scilly 

Pembroke  . . . , 
SciUy     

AfdroBBan  . . . . 


rf 

f 


rf 


odf 

rf 

dof 

f 

ofr 
rf 
rf 

f 

fd 
fd 

of 
fd 
fd 


ofr 
fd 

f 

f 


of 
fd 

f 

f 

f 
of  p 
fd 

fd 

of 

f 

rf 
fd 


of 


Wind 


S 
S8W 


WSW 

sw 
sw 

sw 

sw 

8SW 

s 
sw 

ssw 
sw 

B 

SW 
B 


SSW 

WSW 

WSW 

ssw 


s 

WSW 

sw 

WSW 

sw 

ssw 
ssw 

ssw 

sw 
sw 

WSW 

s 


I 


so   • 


Bain. 


57 

6062 
62 


5» 


Id. 

126 

•45 


•74  -co 


Notes. 


•46 


'04|  *oi 
•05 


•03 


"20 

■IS 

•40 
•02 

•05 
•07 

'04 
•II 
•02 


•as 
•25 

•03 
•35 


•62 


Stiff  SW  gale  coming  on 

Next  d<iy  0*4  of  rain  ex- 
ceeded at  6  Western  Sta- 
tions 

Preceded  heavy  rain  for 
2  days  in  S.  of  Ireland. 
07  and  0*8  at  Valencia. 
Slight  S  gale 

In  centre  of  small  depression 
moving  East 

(In  stiff  breeze,  not  heavy 
gale 

Preceded  stiffish  breese 

Preceded  SW  gales 
Preceded  stiff   breese  and 
veiy  heavy  general  rain 

Strong  SW  winds,  oooa- 
sionally  force  8 

'Before  slight  gale 

Depression  lying  off  W  of 
&eland,  1*15  rain  Valen- 
cia.   0*96  Boche*s  Point 

In  front  of  small  depress 
sion 

Before  SW  gale 

Probably  cycl(»iic.  Antiey- 
clonic  over  France 

Very  complex  Bystem,  bar. 
29*19.    See  BciUy,  8SE 

Very  heavy  rain  Aberdeen 
and  Thurso ;  before  slight 
SB  gale 

Before  and  in  South  gale 

Before  WSW  gale 

In  gale 

I  Inagale 

See  Pembroke,  SSB 

Very  heavy  rain  about.  1*21 

Horst,  1*13  Oxford 
Fresh    winds,   slight    gale 

MuUaghmore 
Before  and  in  gale 
Heavy  gale  in  North,  forces 
9  and  10 
Before  gale 

In  slight  gale,  force  7  at  seven 

stations.     See  Pembroke, 

BSE 

In    gale,    anticyclone    just 

broken  up 
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Ctolomio  Fogs. 
Winds  from  S  to  WSW— Continued. 


Date. 

Station. 

1 
1 

Wind. 

1 

1 

Rain. 

Notes. 

j 

ob 

1 

s 

s 

1 

OQ 

" 

0 

0 

In. 

In. 

1882. 

Jan.     5 

Valencia    

fg 

WSW 

53 

• 

•49 

'lO 

Before  gnle 

Jan.     6 

Ardrosaan     .... 

bf 

WSW 

44 

50 

•43 

•21 

In  heavy  gale 

>f 

Jane    5 

Scilly     

df 

8W 

57 

58 

•58 

1* 

6  p.m. 
July  14 

Scilly     

rf 

S 

59 

63 

•• 

•35 

In  slight  gale 

.883. 

6  p.m. 
May  12 

Holyhead 

Prawle  Point    . . 

\' 

SSW 
8SW 

50 
50 

51 

5' 

•17 
•46 

•07 

•GO 

\  Slight  gale;  force  7  at 
}  several  stations,  9  at 
^      Valencia 

" 

May"i3 

Holyhead 

rfq 

SSW 

50 

54 

•07 

•00 

' 

Ang.    9 

Liyerpool 

f 

WSW 

55 

66 

•47 

•00 

Before  gale 

>t 

Oct.   13 

Scilly     

fd 

8 

57 

58 

•• 

*22 

Heavy  gale  in  two  daya 

1884. 

6  p.m. 
Jan.  23 

Pembroke 

f 

SSW 

50 

5« 

'22 

•26 

Prawle  Point    . . 

i 

sw 

50 

m 

•^3 

•08 

In  gale 

** 

" 

Hurst  Castle     . . 

odf 

sw 

49 

50 

•06 

•18 

if 

May"i5 

Pembroke 

f 

8W 

51 

5» 

•• 

•01 

Fog  very  prevalent  about 

1885. 

6  p.m. 
Feb.  26 

Pembroke 

f 

SSW 

47 

48 

.• 

•37 

In  slight  gale 

>t 

6  p.m. 
Sept.  14 

6  p.m. 
KoY.  29 

Pembroke 

rf 

SSW 

59 

60 

•• 

•11 

Strong  8W  winds,  much  fog 
in  Channel 

Pembroke 

rf 

SSW 

53 

• 

•33 

•a5 

Gale  in  Ireland 

1886. 

Mar.    I 

Hurst  Castle    . . 

dfs 

sw 

45 

• 

•• 

•50 

In  gale 

t> 

6  p.m. 
Mar.  26 

Scilly     

fd 

SSW 

5> 

5» 

.. 

•05 

1 

6  p.m. 

Pembroke 

f 

SSW 

46 

47 

.. 

•60 

y  In  gale 

** 

Mar."27 

Pembroke 

f 

SSW 

46 

47 

•60 

•22 

18*88. 

Mar.    8 

Holyhead 

of  q 

SSW 

45 

48 

•05 

•20 

Prawle  Point    .. 

f 

SSW 

46 

48 

'12 

•20 

Before  gale 

' 

Mar."  9 
Mar.  10 

Prawle  Point    .. 

fw 

SSW 

47 

48 

•20 

•04 

" 

Hurst  Castle.... 

f 

sw 

43 

46 

•*5 

•51 

In  slight  gale 

" 

June  15 
6  p.m. 

Hurst  Castle.... 

f 

WSW 

55 

5« 

•04 

Small  depression  over  South 

*' 

of  England 

Nov,  15 

Pembroke      .... 

rU 

SSW 

54 

• 

•53 

•05 

" 

Prawle  Point     . . 

rf 

SSW 

55 

S6 

-08 

•07 

Before  and  in  heavy  gale 

" 

NoY.'*i6 

Pembroke 

cf  q 

SSW 

55 

• 

•OS 

•02 

on  1 6th 

Prawle  Point    .. 

f 

SSW 

55 

56 

•07 

•02 

91 

Deo.     5 

Scilly     

f 

WSW 

55 

• 

•17 

In  stiff  breeze 

1889. 

6  p.m. 
Feb.     I 

Scilly     

f 

WSW 

51 

• 

•04 

•12 

1 

Holyhead 

q« 

SSW 

49 

53 

•02 

•02 

Before  gale,  fog  extremely 
V    prevalent.     See  also  W. 

" 

" 

Hurst  Castle.... 

f 

WSW 

47 

48 

•01 

•09 

t> 

9» 

Dungenpss    .... 

f 

WSW 

48 

• 

a  • 

•00 

r  Anticydonio 

»> 

6  p.m. 
Ang.    3 

Holyhead 

Prawle  Point    . , 

fg 

f  u 

sw 

SSW 

59 
60 

64 
63 

•60 
•23 

•00 
•15 

t  In  slight  gale 

19 

Deo.  21 

Scilly     

rf 

sw 

51 

53 

.  . 

•45 

Strong  SW  winds  in  Chan- 

1890. 

6pjn. 
Jan.    9 

Scilly 

'P 

sw 

53 

• 

.. 

•12 

nel 
)  Strong      8W     winds    in 

6  p.m. 

Prawle  Point    .. 

f 

sw 

52 

• 

.. 

•'5 

I      Channel 

I» 

Jan.   13 

Pembroke .^ 

rf 

SSW 

50 

• 

•05 

•03 

Slight  gale 

>f 

June  30 

Hurst  Castle    . . 

rf 

SSW 

56 

63 

•3> 

•18 

In  gale 
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Gtclonic  Fogs. 
Winds  from  W  to  NNW. 


Date. 

Station. 

1 

Wind. 

W 

W 

WNW 

WNW 

w 

W 

w 

1 
1 

0 

53 
S« 
SO 

45 

53 
5» 

t 

i 

s 

0 

• 

5» 
5* 

48 

• 
• 

49 

Preceding.       ^ 
Succeeding.     0 

Notes. 

1877.  Nov.  21 

1878.  Jan.  22 

1879.  Jan.      7 

6  pm. 
„       M*roh  5 

6  p.m. 
1883.  Oct.  7 
1889.    Jan.   31 

6  p.m. 
1890    April    7 

Pembroke , 

Pembroke 

Scilly 

rf 
of 

f 

In. 
•28 
•12 

•39 
•01 

In. 

•21  Preceded  heavy  gale 

•03   Preceded  Westerly  gale 

*co  Before  and  with  hAAvv  afin.  1 

Pembroke 

Sumbargh  Head 
Scilly    

•04 

•01 
•04 

•07 

eral  SB  gale 

Slight  SW  gale  on  preced- 
ing day 

Before  W  gale  in  Norway 

See  also  WSW 

Fresh  W  winds 

Dungeness  

AmTICTCLOMIO  OB  DOUBTTUL  FOOS. 

Winds  from  E  to  SSE. 


1876.    April  7 

6  p.m. 

x886.    May  22 

6  p.m. 

1887.    Jan.  26 

6  p.m. 

„       March  3 

6  p.m. 

„       March  4 

SciUy    

f 

f 
cf 

Of 
Of 

ESE 
SSE 
SSE 

E 

E 

0 
49 

47 

50 

47 

44 

0 
54 

50 

• 

48 

-E 

In. 

•35 
•01 

■  • 

Anticyclone  moving  off,  de- 
pression jnst  showing  itself 
Outskirts  of  anticyclone 

Edge  of  retreating  anticy- 
clone 

Anticyclone,  bot  local  de- 
pression off  Soath  Ooast 
of  Ireland 

Roche's  Point  . 

Rflilly    

Scilly 

Scilly    

'^ 

^indfl  from  S  to  WS 

IW. 

a. 

In. 
•10 

Anticyclone 

'• 

•02 

Doubtful 

>2 
>I 

•01 
•02 

Fog  very  general.  Anticy- 
clone 

Anticydonic,  but  gales  in  the 
the  North.  W  8  Storno- 
way  for  2  days,  increasing 
to  W  9,  and  extending  to 
Wick  on  7th 

Doubtful 

Anticyclone 

Outskirts  of  anticyclone 

Anticyclonic 

>I 

)6 

>2 

•oi 

,  , 

•04 

Possibly  anticyclonic 
Edge  of  anticyclone 

•01 

Much  fog  about 

>7 

•03 
•04 

Anticyclonic 
Doubtful 
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AntiOtolonio  OB  Doubtful  Fogs. 
Winds  from  W  to  NNW. 
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Notes. 


North  side  of  antiqyclone 

North  side  of  anticyolone 

Anticyclone 

See  also  WSW  Scilly 

Anticyclone  dose  by 

Edge  of  anticyclone 

Anticyclone 
Anticyclone  coming  on 


In  the  preparation  of  the  paper  I  have  received  great  assistance  from  Mr. 
Gaster. 

In  the  colamn  for  '<  mazimnm  temperature  **  an  asterisk  indicates  that  it 
was  the  same  as  that  at  8  a.m. 


DISCUSSION. 

Gapt.  D.  Wilson-Barker  said  that  he  entirely  agreed  with  Mr.  Scott*s  defi- 
nitions of  fog  and  mist,  and  had  always  regarded  mist  as  being  more  or  lees 
moist.  Although  the  fog  observations  dealt  with  in  the  paper  had  been  classi- 
fied under  two  heads,  viz.  cyclonic  and  anticyclonic,  he  had  no  doubt  that  there 
was  a  well  marked  area  between  cyclonic  and  anticyclonic  conditions  where  fogs 
might  be  met  with. 

Staff  Gapt.  TiZARD  said  that  a  better  definition  of  what  was  comprised  in  the 
term  "  fog "  was  greatiy  needed.  He  noticed  that  in  the  tables,  snow  was 
entered  as  accompanying  fog  at  two  of  the  stations.  He  had  never  himself 
observed  fog  and  snow  simultaneously,  and  was  inclined  to  think  that  the  con- 
ditions of  weather  described  under  the  term  "  fog  "  in  each  of  these  cases  was 
simply  a  state  of  the  atmosphere  which  a  seaman  would  describe  as  "  dirty 
thick  weather."  The  observations  used  in  the  tables  were  all  from  land  stations 
and  it  appeared  desirable  that  these  should  be  compared  with  such  observations 
on  the  adjacent  seas  as  might  be  available.  His  own  idea  of  fog  was  that  con- 
dition of  the  atmosphere  unaccompanied  by  any  precipitation,  in  which  objects 
at  a  disteuace  of  half  a  mile  were  obscured ;  and  he  should  describe  the  tos  as 
thick  when  olnects  100  yards  distant  were  not  visible.  Some  scale  of  fog 
measurement,  by  means  of  the  degree  of  visibility  of  surrounding  objects  seemed 
necessary. 

Mr.  G.  Harding  said  that  the  weather  authorities  in  the  United  States  issued 
forecasts  of  fogs  over  the  banks  of  Newfoundland,  basing  their  predictions  upon 
the  movements  of  areas  of  low  pressure,  it  being,  of  course,  evident  that  when 
the  warm  air  in  the  front  of  a  depression  met  the  cooler  air  over  the  cold  Arctic 
current  flowing  over  these  banks,  thick  fog  must  naturally  result.  Did  the 
term  "  in  a  gale,"  which  frequentiy  occurred  in  the  tables  accompanyini?  the 
paper,  mean  that  the  fog  occurred  m  a  gale,  or  merely  that  it  was  observed  in  a 
cyclonic  disturbance  ?  He  had  consulted  the  charts  of  the  weather  over  the 
North  Atlantic  for  each  day  during  the  thirteen  months,  August  1882  to' August 
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1888,  as  published  by  the  Meteorological  Council,  in  order  to  see  whether  fog 
usually  prevailed  when  gales  were  blowing,  aud  had  found  that  it  was  quite  a 
common  occurrence  for  mist  to  be  observed  with  ^ales,  especially  on  the 
southern  side  of  depressions.  As  all  the  stations  used  m  Mr.  Soott*s  mvestiga- 
tion  were  situated  on  the  coast,  it  appeared  desirable  to  consider  the  tempera- 
ture of  the  sea  as  well  as  that  of  the  air. 

Mr.  F.  Gasteb  said  that  he  hoped  this  paper  would  assist  in  getting  rid  of  the 
confusion  which  existed  in  the  use  of  the  terms  "fog**  and  "mist,*'  these 
terms  beinff  intended  to  describe  two  distinct  classes  of  phenomena,  the  one 
existing  wiui  a  low  temperature,  a  high  barometer,  and  a  cabn  and  dry  atmo- 
sphere, while  the  other  prevailed  when  the  barometer  was  low  and  the  tempera- 
ture high,  the  wind  being  strong  and  the  air  damp.  These  two  conditions  only 
possessed  one  common  characteristic  (that  of  obscuration),  and  it  was  a  great 
mistake  to  register  both  phenomena  under  the  same  name.  As  regards  the 
effect  of  these  two  varying  atmospheric  conditions  upon  the  human  body,  a 
physician  had  recently  told  him  that  while  the  one  caused  excessive  irritation  of 
the  mucous  membrane,  the  other  had  no  such  effect,  but  was  chiefly  detrimental 
to  healtii  through  producing  severe  colds.  It  had  probably  been  often  noticed 
that  in  an  anticyclone,  when  dry  and  cold  fogs  occur,  a  change  would  take  place 
without  any  apparent  cause ;  but  he  had  found,  on  carefully  looking  into  sach, 
instances,  uiat  the  alteration  in  atmospheric  conditions  was  brought  about  by 
the  formation  of  a  very  shallow  disturbance  at  the  time  in  the  neighbourhood 
of  the  district  affected. 

Mr.  B.  H.  Curtis  thought  some  confusion  was  likely  to  h»  caused  by  the  way 
in  which  the  term  "  dry  fog  *'  was  used.  Disregarding  the  smoke  fogs  of  Lon- 
don and  other  large  manufMturing  towns  to  which  they  were  peculiar,  and 
which  were  ^eneridly  dry  and  always  irritating  enough,  the  fogs  which  were 
experienced  m  rural  districts  and  at  sea  were  invariably  composed  of  water 
particles,  and  that  being  so,  it  could  hardly  be  correct  to  call  them  "dry" 
under  any  conditions.  It  was  true  that  at  times  these  water  particles  were 
more  minute  than  at  others;  and  if  the  fogs  were  oonsiderea  simply  with 
respect  to  their  power  of  wetting  sur&ces  exposed  to  them,  some  were  rela- 
tively dry  as  compared  with  others,  the  fog  becoming  wetter  as  its  constituent 
water  particles  became  larger  and  more  numerous,  wmch  again  was  a  condition 
largely  due  to  the  temperature  of  the  bodies  of  air  whose  commingling  was 
usually  the  cause  of  the  fog.  Mr.  Scott  had  remarked  in  his  paper  that  the 
fogs  generally  occurred  with  the  maximum  temperature  of  the  £fty,  but  was  it 
not  the  case  that  when  fog  prevailed  the  temperature  was  steady  and  no  daily 
range  was  apparent  ? 

Mr.  G.  J.  SYMONS  said  that  until  Mr.  Curtis  had  spoken  he  thought  he  saw  a 
solution  of  the  difficulty  of  deciding  between  fog  and  mist,  fog  being  a  dry  ob- 
scuration of  atmosphere,  and  mist  a  wet  obscuration,  consequently  "  sea  fog " 
would  have  become  "  sea  mist  ** ;  but,  as  the  last  speaker  rightiy  said,  a  dry  fog  was 
really  a  most  uncommon  occurrence,  and  was,  m  fiftct,  an  artificial  production, 
so  that  the  settlement  of  the  difference  between  the  phenomena  described  by 
the  terms  "  mist  **  and  "  fog**  appeared  to  be  no  nearer  than  before.  Mr.  Scott's 
paper  was  undoubtedly  a  valuable  piece  of  work,  but  hardly  concerned  London, 
as  all  the  data  referred  to  seaside  stations.  Begarding  the  visibility  of  objects 
in  fog,  he  should  be  glad  to  know  whether  the  visibilitv  of  an  object  through  fog 
was  entirely  dependent  upon  the  angle  subtended  (allowance,  of  course,  being 
made  according  to  distance  and  illumination),  or  whether  absolute  magnitude 
had  anything  to  do  with  it.  The  degree  of  visibility  during  a  fog  dependsHd  on 
the  amount  of  illumination. 

Mr.  H.  N.  Dickson  said  that  there  appeared  to  be  a  simple  physical  explana- 
tion of  the  difference  between  mist  and  fog.  In  fog,  vapour  was  condensed  on 
dust  nuclei  from  an  unsaturated  atmosphere  in  sufficient  amount  to  7^^}^^  the 
particles  visible.  London  fog  required  little  vapour  for  its  formation,  for  the 
dust  particles  were  originally  large  and  easily  cooled  by  radiation,  and  a  slight 
increase  of  size  was  sufficient.^  At  sea  the  dust  particles  were  saline  and  at- 
tracted moisture.  When  the  air  was  saturated  or  nearly  so  the  fog  particles  had 
each  an  increased  allowance  of  water,  and  parted  with  it  to  surrounding  objects, 
the  characteristic  of  mist. 
Mr.  R.  H.  Scorr  in  reply  said  that  the  observations  of  fog  were  t^V^*^  as  re- 
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ported  by  the  observers  in  the  Dmly  WecUher  Report  at  8  a.m.  and  6  p.m.  It 
was  a  diffictdt  matter  to  oonsider  fogs  in  relation  to  the  centres  of  cyclones  and 
anticyclones,  as  it  could  not  frequently  be  determined  where  the  cyclone  began 
and  where  the  anticyclone  ended.  No  ships*  logs  had  been  taken  into  considera- 
tion, «nd,  in  fact,  there  were  very  few  observations  from  ships*  logs  dose  to  the 
coasts,  as  many  ships  did  not  commence  to  keep  logs  nntil  qnite  clear  of  the 
British  Islands.  A  scale  of  visibility  of  objects  at  known  distances,  for  the  pur- 
pose of  measuring  the  amount  of  fog  obscuration,  had  been  arranged  at  the  Kew 
Observatory  and  carried  on  for  two  years,  but  some  difficulty,  chiefly  due  to  un- 
equal illumination,  had  been  experienced  in  making  observations.  The  objects 
observable  were  also  all  situated  in  directions  from  north-west  round  bv  east  to 
south-east;  the  rest  of  the  horizon  being  limited  by  Richmond  Hill  or  by 
trees.  As  regards  the  issue  of  forecasts  of  fog  for  the  banks  of  Newfoundland,  it 
must  be  remembered  that  there  was  no  similar  condition  of  ocean  currents  pre- 
vailing in  the  seas  round  the  British  Isles  as  was  the  case  at  Newfoundland. 
The  note  '*  in  a  gale,*'  to  which  Mr.  G.  Harding  had  drawn  attention,  was  in- 
tended to  mean  that  a  wind  force  of  7  or  8  was  observed  somewhere  in  the  British 
Islands  at  the  time  of  the  occurrence  of  the  fog.  As  regarded  the  use  of  sea 
temperatures  in  connection  with  this  investigation,  very  few  satisfactory  and 
trustworthy  observations  of  sea  temperature  were  available,  and  he  (Mr.  Scott) 
did  not  anticipate  that  sudden  changes  of  sea  temperature  would  be  found  to 
occur. 


SOME  CHARACTERISTIC  FEATURES  OF  GALES  AND 
STRONG  WINDS. 

By  RICHARD  H.  CURTIS.  F.R.Met.Soc. 
(Plate  V.) 


[Beceived  Jane  5th.— Bead  June  20th,  1894.] 

Thsbb  is  probably  no  branch  of  meteorology  about  which  so  litUe  is  really 
known  as  wind  measurement,  and  yet  there  is  no  other  which  is  of  more 
general  importance  or  which  is  more  far-reaching  in  its  bearings  npon  other 
branches  of  the  science.  Bnt  directly  we  get  beyond  the  general  statement 
that  wind  is  a  result  of  solar  action,  and  ask  more  particularly  as  to  the  causes 
by  which  its  infinitely  varied  movements  are  determined  and  governed,  we  find 
ourselves  in  a  domain  in  which  theory  abounds,  but  in  which  ascertained  facts 
are  conspicuously  rare.  We  know,  for  example,  that  some  relation  exists 
between  barometrical  gradients  and  wind  force,  but  of  the  causes  which  pro- 
duce those  gradients,  and  modify  them,  by  varying  the  intensity  of  areas  of 
high  or  low  pressure,  we  know  scarcely  anything  at  all.  And  not  only  is 
this  true  as  regards  the  broader  features  of  the  subject,  but  it  is  so  also  with 
respect  to  details  as  to  which  it  might  have  been  supposed  that  meteoro- 
logists would  long  ago  have  found  out  all  that  was  to  be  known.  For  years 
we  have  had  all  over  the  country  an  army  of  observers,  most  of  whom  are 
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enthusiastic  and  intelligent,  and  yet  after  all  they  have  done  we  still  know 
next  to  nothing  as  to  the  manner  in  which  the  wind  hlows,  of  its  strength  or 
velocity,  of  the  nature  of  its  pulsations,  its  squalls  and  its  lulls,  or  of  the  way 
in  which  its  dynamic  force  is  exerted  upon  obstacles  opposed  to  its  path. 

Or  if  we  look  at  our  instrumental  appliances  for  obtaining  information  on 
these  points,  we  find  a  state  of  things  which  may  fairly  enough  be  termed 
chaotic.  We  still  use  without  comment  appliances  yielding  results  which  are 
at  least  doubtful  to  a  very  high  degree  ;  we  put  our  anemometers  up  on  sites 
which  we  know  are  fatal  to  their  integrity ;  and  quietly  ignoring  ascertained 
facts  respecting  them,  we  still  use  the  results  obtained  from  instruments  of 
different  patterns,  and  known  to  be  in  their  present  state  non-comparable, 
as  if  they  all  meant  one  and  the  same  thing. 

I  have  long  felt  it  to  be  a  flair  matter  of  reproach  to  meteorologists,  that 
while  this  is  the  state  of  the  case  so  little  effort  should  be  made  to  remedy  it. 
Of  course  I  know  perfectly  well  the  inherent  difficulties  in  the  way  of  advance 
in  certain  directions — perhaps  no  one  knows  them  better, — ^but  still  there 
are  some  branches  of  the  subject  in  which  I  venture  to  think  that  very  much 
might  be  done  by  intelligent  observers,  even  without  elaborate  mechanical 
appliances,  if  only  systematic  and  thoughtful  attention  were  given  to  them. 

I  have  mentioned  these  matters,  since  they  afiford  the  reason  why  I  have 
brought  the  present  paper  before  the  Society,  for  they  appear  to  me  to  justify 
one  in  making  any  contribution,  however  small,  to  our  knowledge  of  a  sub- 
ject about  which  so  little  is  known. 

In  a  paper^  which  I  read  before  the  Society  in  1881, 1  drew  attention  to 
the  evidence  of  very  high  velocities  of  wind  which  was  afforded  by  the  traces 
obtained  from  the  Bobinson  Cup  Anemometers  at  some  exposed  stations.  I 
pointed  out  that  although  the  records  of  that  class  of  instrument  were  not  well 
suited  for  giving  velocities  for  short  periods,  owing  to  the  great  reduction 


Fig.  1. — Becording  portion  of  the  Bobinson  Anemometer. 

which  the  revolutions  of  the  cups  underwent  before  registration,  yet  the  trades 
often  showed  decided  angular  changes  which  clearly  indicated  that  large  in- 
creases of  velocity  took  place,  but  which,  lasting  only  for  a  short  time,  were 

^  QuarUrly  Journal,  V6L  VU.  p.  305. 
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not  recognisable  in  the  general  resnlt  obtained  when  the  nin  of  the  cops 
over  sixty  consecutive  minutes  was  measured,  as  is  usually  done  in  tabulat- 
ing the  records.  In  the  large  size  Anemometer,  with  0  inch  cups  and  arms  of 
2  feet  radius,  the  recording  portion  of  which  is  shown  in  fig.  1,  7,000  revo* 


Fio.  2. — Bridled  Anemometer. 

lutions  of  the  cups  are  required  to  produce  a  piece  of  trace  2}  inches  long, 
representing  the  passage  over  the  instrument  of  50  miles  of  wind.  The 
ease  is  similar  to  that  of  a  train  which  makes  a  run  of  so  many  miles  in  an 
hour,  but  which  does  so  by  running  at  varying  speeds,  slowly  up  steep 
inclines  and  rapidly  down  others,  the  slower  and  the  faster  rates  being 
merged  in  the  actual  nett  result  for  the  hour. 

Since  then  I  have  had  opportunities  of  more  thoroughly  studying  this 
subject  from  other  points  of  view,  and  I  wish  now  to  call  attention  to  some 
conclusions  I  have  obtained,  mainly  from  a  study  of  the  records  jrielded  by 
the  Bridled  Anemometer,  devised  by  Sir  George  G.  Stokes,  F.B.S.,  and 
erected  by  the  Meteorological  Council  at  Holyhead. 

The  construction  of  this  instrument  will  be  understood  by  a  reference  to 
fig.  2.    It  consists  of  five  hemispherical  cups  attached  by  short  arms  to  a 
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vertical  spindle,  apon  which  they  are  arranged  spirally  and  in  saoh  a  way 
that  no  cap  shall  interfere  with  the  one  immediately  behind  it.  The  cups 
and  spindle  are  not  free  to  revolve  with  the  wind,  as  in  the  case  of  the 
Robinson  instrument,  for  their  movement  is  checked  by  weights  which 
have  to  be  lifted  as  the  spindle  revolves,  and  the  amount  of  torsion  of  the 
spindle  is  therefore  the  measure  of  the  wind's  force.  The  instrument,  it 
will  be  seen,  belongs  to  the  class  of  pressure  anemometers  ;  but  since  the 
pressure  varies  as  the  square  of  the  velocity,  it  has  been  designed  so  as  .to 
give  an  equal  scale  of  velocity  throughout.  A  large  cylinder  carries  a  sheet 
of  paper  which  receives  a  record  of  every  movement  of  the  cups,  and  there 
is  an  arrangement  by  which  the  time-scale,  which  is  normally  seven-tenths 
of  an  inch  to  the  hour,  can  be  doubled,  or  if  desired  enlarged  to  about 
48  times  its  normal  size,  or  even  more. 

With  the  most  open  scale  it  is  possible  to  follow  every  movement  of  the 
wind,  and  to  obtain  a  good  deal  of  insight  into  the  manner  of  its  working,  but 
with  the  normal  scale  the  gusts  in  gales  of  wind  follow  each  other  in  such 
quick  succession  that  the  pencil  produces  a  broad  band  of  shading  extending 
over  some  miles  on  either  side  of  the  average  velocity,  and  it  is  only  the 
gusts  and  lulls  which  extend  beyond  this  belt  which  can  be  singled  out  from 
the  others. 

This  instrument  throws  a  considerable  amount  of  light  upon  the  question. of 
maximum  velocities  to  which  I  just  now  referred.  For  the  reasons  I  have 
mentioned  it  is  of  course  almost  impossible  to  correlate  individual  gusts  with 
the  indications  of  increased  velocities  shovm  on  the  Robinson  curves,  but 
it  is  possible  to  do  so  with  groups  of  gutU,  and  the  comparisons  of  the  two 
which  I  have  made  show  that  the  estimates  quoted  in  my  paper  were  not 
far  from  the  truth,  when  a  proper  allowance  has  been  made  for  the  fact  that 
they  were  based  on  the  assumption  that  Dr.  Robinson's  original  factor  (d), 
for  the  relation  between  the  motion  of  the  cups  and  that  of  the  wind,  was 
correct.  I  may  mention  that  the  scale  of  the  Bridled  Anemometer  is  based 
upon  data  recently  obtained  by  Mr.  Dines,  and  it  will  be  remembered  that 
other  of  his  experiments  led  him  to  conclude  that  the  factor  (8)  was  about 
80  per  cent,  too  large. 

The  highest  force  of  an  individual  gust  that  I  have  met  with  on  the  Bridled 
Anemometer  was  registered  in  December  1891,  and  amounted  to  a  rate  of 
115  miles  per  hour,  which  with  the  old  factor  would  be  equivalent  to  a  rate  of 
about  150  miles  per  hour.  Gusts  at  a  rate  of  from  90  to  100  miles  per  hour 
have  many  times  been  recorded,  but  the  usual  limit  for  gusts  in  a  strong  gale 
may  be  taken  to  equal  about  80  miles  per  hour,  which  on  the  old  scale  would 
be  equivalent  to  about  120  miles  per  hour.  It  is  necessary  to  bear  in  mind 
these  old  scale  equivalents,  because  it  is  with  them  that  the  maxima  formerly 
quoted  must  be  compared. 

The  record  obtained  from  the  Robinson  instrument  will  depend  very  much 
upon  the  character  of  the  wind,  and  for  this  reason  it  is  not  always  a  very 
safe  guide  in  forming  a  judgment  as  to  the  intensity  of  a  gale.  If  a  high 
hourly  mileage  is  roistered  there  can  b«  UQ  doubt  that  a  very  strong  wind 
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must  have  prevailed  to  produce  it,  and  jet  it  is  possible  that  an  even  more  de- 
structive and  dangerous  wind  should  have  prevailed  with  a  smaller  mileage 
indicated  by  the  instrument ;  indeed,  I  have  come  to  the  conclusion  that 
whilst  the  positive  evidence  of  the  Bobinson  instrument  is  valuable,  its  nega- 
tive evidence  must  be  accepted  with  the  greatest  caution,  and  is  indeed  worth 
little.  These  records  are  sometimes  produced  in  Courts  of  Law  as  evidence 
when  litigants  wish  to  show  that  a  gale  did  or  did  not  prevail ;  in  the  latter 
case  it  would  be  only  necessary  to  ask  whether  a  heavy  transient  squall  could 
not  have  occurred  without  its  being  indicated  upon  the  trace  in  order  to 
destroy  entirely  its  value  as  evidence  upon  the  point. 

As  a  matter  of  fiiot,  gales  differ  in  character  very  much,  as  indeed  do  also 
winds  which  do  not  attain  the  strength  of  a  gale«  As  the  result  of  a  pro- 
longed study  of  their  general  features,  as  recorded  by  the  bridled  anemo- 
meter, I  have  for  my  own  use  divided  them  into  three  general  classes,  within 
which  there  are,  of  course,  some  fairly  wide  limits  for  variety. 

In  the  first  class  I  place  those  gales  which  are  essentially  squally  in  charac- 
ter— in  which  the  gusts  constitute  the  main  feature  of  the  gale.  In  such  a 
case  the  gusts  and  lulls  alternate  very  rapidly,  and  indeed  the  wind  is  never 
constant  in  force  for  many  seconds  together.  Usually  it  oscillates  over  a 
range  of  perhaps  10  or  20  miles  at  a  mean  strength  of  probably  40  miles  per 
hour,  but  every  now  and  again  it  ^bursts  out  with  a  velocity  of  possibly  40  or 
60  miles  an  hour  above  the  average,  and  after  a  few  seconds  sinks  to  a  rate  of 
10  or  20  miles  below  it.  This  is  certainly  the  most  usual  character  of  the 
gales  experienced  on  our  coasts,  although  such  gales  vary  immensely  as 
regards  the  strength  and  frequency  of  the  gusts  and  lulls,  and  also  as  to  the 
average  velocity  of  what  may  be  called  the  "  normal  of  the  gale." 

The  trace  which  the  bridled  anemometer  would  make  in  such  a  gale  may 
be  thus  described.  At  that  part  of  the  scale  indicating  a  velocity  of  (say) 
80  to  40  miles  per  hour  there  will  be  a  band  of  flat  shading,  caused  by  the 
innumerable  passages  backwards  and  forwards  of  the  pencil  as  it  ranged 
over  those  limits  with  the  oscillations  of  the  wind,  this  is  what  I  have  termed 
the  ''  normal  of  the  gale ;"  above  this  band  will  be  a  less  dark  fringe,  passing  off 
into  more  or  less  isolated  lines,  made  by  the  stronger  gusts  which  have  carried 
the  pencil  beyond  the  usual  limits  ;  while  every  here  and  there,  at  intervals 
of  perhaps  a  few  minutes,  lines  will  start  up,  generally  two  or  three  quite 
close  together,  far  above  any  others,  marking  the  extreme  limits  of  the  gale. 
At  the  bottom  of  the  belt  of  shading  a  similar  appearance  will  be  found 
caused  by  the  lulls  succeeding  the  gusts,  but  generally  extending  over  a  much 
more  limited  range  of  velocity.  Fig.  1  (Plate  Y.)  is  a  reduced  reproduction 
of  a  portion  of  the  record  of  such  a  gale,  in  which,  however,  the  "  normal "  is 
much  higher,  whilst  the  range  of  the  gusts  above  it  is  less,  than  is  com- 
monly the  case. 

The  frequency  with  which  the  gusts  follow  each  other  varies,  as  I  have  said, 
immensely.  I  have,  however,  made  an  attempt  to  count  them  in  cases  where 
the  use  of  the  most  open  time-scale  would  allow  of  my  doing  so,  and  I  think 
I  may  say  that  in  an  average  gale  the  ordinary  gusts  follow  eaph  other  at  ia- 
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tervals  of  aboat  10  to  20  secosds,  while  the  extreme  gnstB  occnr  at  the  rate 
of  about  one  per  minute.  I  only  put  this  forward,  however,  as  an  approxi- 
mation for  the  ease  of  an  average  gale. 

The  range  of  velocity  covered  by  the  squalls  is  another  point  upon  which 
gales  differ  very  largely.  In  those  to  which  I  am  now  referring^ — squally 
gales — a  range  in  rate  of  from  40  to  50  miles  per  hour  above  the  ".normal " 
is  common,  and  may,  I  think,  be  regarded  as  a  fair  range  for  the  extreme 
gusts  in  a  fairly  strong  gale,  while  in  a  similar  gale  a  total  range  of  rate,  from 
the  lull  to  the  following  squall,  of  from  60  to  70  miles,  or  even  more,  is  not 
unusual. 

My  second  class  of  gales  are  those  in  which  the  velocity  of  the  wind  Lb  toler- 
ably steady,  much  steadier  than  in  the  first.  The  "  normal "  of  the  gale 
covers  a  much  smaller  range,  perhaps  not  more  than  a  rate  of  five  or  six 
miles  per  hour,  and  the  gusts  are  far  less  severe ;  and  I  have  noticed  that 
generally  they  are  not  accompanied  by  lulls  faUingmuch  below  the  "normal," 
or  if  the  lulls  are  frequent  then  the  gusts  above  the  "  normal  *'  are  com- 
paratively few.  This  is  a  rather  curious  feature,  but  I  have  noticed  it  in 
several  cases.  Figs.  2  and  5  (Plate  Y.)  are  reduced  facsimiles  of  portions 
of  traces  produced  by  gales  of  this  class,  the  time-scale  used  in  fig.  5  being  a 
very  open  one. 

The  trace  in  this  instance  would  be  very  different  from  that  I  have 
just  described.  The  band  of  shading  is  much  narrower,  and  as  a  rule  far 
less  flat,  whilst  the  isolated  lines  above  or  below  are  much  shorter  and  per- 
haps less  numerous.  It  does,  however,  sometimes  happen  that  the  "  normal  *' 
is  even  higher  than  in  some  of  the  more  violent  squally  gales. 

My  third  class  should  perhaps  have  been  the  second,  inasmuch  as  it  is 
a  distinctly  squally  variety  of  gale.  But  the  characteristic  by  which  I 
distinguish  it  is  peculiar.  The  record  made  by  the  anemometer  has  tico  **  nor- 
mals," connected  by  a  lighter  band  of  shading,  as  shovm  in  fig.  8  (Plate  Y.). 
Indeed  the  gale  appears  to  be  made  up  of  two  series  of  rapidly  succeeding 
squalls,  the  one  series  at  a  comparatively  low  rate  of  velocity,  the  other  at  a 
much  higher  one,  the  wind-force  shifting  rapidly  and  very  frequently  from 
the  one  series  to  the  other.  Examples  of  this  class  of  gale  are  not  very 
common,  but  those  I  have  seen  have  been  very  well  marked. 

The  trace  in  this  case  would  show  a  very  broad  band  of  shading,  with  the 
upper  and  lower  limits  much  darker  than  the  centre,  and  having  a  good 
many  isolated  lines  indicating  gusts  of  considerable  intensity  projecting  above 
the  upper  limit. 

Belore  leaving  the  subject  of  gusts  there  are  two  other  points  to  which  I 
would  like  to  call  attention,  and  the  first  is  as  to  their  duration.  As  I  have 
already  said,  the  bridled  anemometer  is  provided  with  an  arrangement  by 
which  a  time- scale  of  about  i  an  inch  to  the  minute  can  be  used,  and  when 
this  is  in  use  in  a  gale  of  wind  the  duration  of  the  gusts  can  be  very  fairly 
judged.  In  many  instances  they  are  very  sudden  in  their  occurrence ; 
the  rate  rises  to  the  maximum  with  great  rapidity,  remains  there  but  an 
instant,  and  falls  back  again  as  quickly  ;  the  whole  thing  lasting  but  a  second 


Digitized  by 


Google 


868      OUBTIB^SOXB  OHABAGTKBISTIO  FBATUBBB  OF  OALBB  AND  STBOMa  WINI)6« 

or  80.  In  many  oases,  however,  it  is  different.  I  find  with  the  hridled 
anemometer  the  same  thing  as  I  have  sinee  witnessed,  times  without  nom- 
ber,  with  Mr.  Dines*s  pressure  tube  anemdmeter,  and  which  is  the 
second  point  I  wish  to  mention.  The  gust  does  not  rise  to  its  maxi- 
mum at  one  bound.  The  pen  or  pencil  lises  some  distance,  then  pauses, 
and  perhaps  recedes  slightly,  it  then  starts  upwards  again,  and  perhaps 
makes  another  pause  before  it  finally  reaches  its  maximum.  When  there  it 
seldom  rests  long,  but  falls  again  as  it  rose,  in  stages,  and  I  have  measured 
many  cases  in  which  the  gust  remained  at  about  its  maximum,  falling  and 
rising  2  or  8  miles  only,  for  several  seconds ;  indeed,  in  one  case,  of  which  I 
have  a  note,  it  did  so  for  more  than  half  a  minute,  during  the  whole  of  which 
interval  the  velocity  did  not  vary  more  than  6  miles.  The  action  of  the 
instrument  under  the  influence  of  gusts  and  lulls  b  well  shown  in  figs.  4  and 
5  (Plate  v.),  in  both  of  which  an  open  time-scale  was  used. 

The  only  other  point  to  which  I  wish  now  to  refer  is  one  to  which  I  do 
not  think  attention  has  been  called  before.  On  looking  carefully  over  these 
records  I  have  found,  oftentimes  very  distinctly  marked,  a  long  pulsation  in  the 
wind  force  which  recurs  again  and  again  with  more  or  less  regularity  at 
intervals  of  perhaps  20  minutes  or  half-an-hour  in  some  cases,  and  in  others 
at  longer  intervals  of  about  an  hour,  more  or  less.  What  I  have  before 
termed  the  ''  normal  of  the  wind  force"  rises  gradually,  and  as  gradually 
subsides  again ;  the  quicker  and  larger  oscillations  of  gusts  and  lulls  going 
on  all  the  while  and  quite  independently  of  this  long  period  oscillation.  In 
some  cases  this  phenomenon  is  more  marked  than  in  others,  but  it  is  very 
common,  and  I  am  inclined  to  think  that  in  many  instances  where  it  is  not 
very  apparent  its  absence  is  due  really  to  the  more  casual  oscillations  having 
in  some  way  obliterated  it. 

Generally  it  is  best  seen  on  the  traces  by  foreshortening  them  somewhat, 
and  so  getting  a  more  generalised  view  of  them,  but  in  plenty  of  instances  it 
stands  out,  as  in  fig.  6  (Plate  Y.),  evident  enough  without  doing  this.  The 
most  violent  gales  are  not  those  in  which  it  is  best  seen ;  a  moderate  gale,  or 
a  strong  wind  which  falls  just  short  of  the  strength  of  a  gale,  are  perhaps 
the  cases  in  which  it  shows  itself  most  evidently.  When  the  gusts  and  lulls 
very  rapidly  succeed  each  other,  and  at  the  same  time  co\er  a  wide  range,  it 
is  less  apparent  v^ithout  foreshortening.  This  feature  of  the  wind-force  is 
also  shown  very  distinctly  on  the  curves  yielded  by  Mr.  Dines's  new  pres- 
sure tube  anemometer ;  and  the  regularity  with  which  it  recurs  throughout 
the  whole  continuance  of  a  gale,  as  well  as  the  fact  that  it  is  of  such 
common  occurrence,  leads  me  to  think  that  it  very  probably  plays  an  import- 
ant part  in  the  general  movement  of  large  masses  of  air,  such  as  are  involved 
in  gales  of  vnnd,  and  that  it  is  a  phenomenon  well  worthy  of  further  investi- 
gation. 

The  phenomenon  is  not  to  be  confused  with  the  'passing  gust  which  comes 
and  goes  in  a  tew  seconds,  and  in  which  the  velocity  probably  rises  con- 
siderably before  it  dies  away  again.  In  the  case  of  the  long  pulsation  the 
increase  in  the  "normal"  is  always  gradual,  and  may  be  very  slight. 
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atihough  very  evident,  and  the  pulsation  is  certainly  not  shown  in  the  hourly 
measurements  of  velocity,  owing  to  the  fact  that  its  period  is  fiEurly  oniformi 
and  therefore  its  effect  becomes  distribnted  pretty  equally. 

In  conclusion,  I  beg  to  express  my  thanks  to  the  Oouncil  of  the  Meteo- 
rological Office  for  their  permission  to  make  use  of  the  curves  of  the 
Bridled  Anemometer  for  the  purposes  of  the  paper. 


DISCUSSION. 

Mr.  W.  H.  DiKBS  said  that  he  quite  agreed  with  everything  Mr.  Curtis  had 
said  with  reference  to  the  ohaotio  state  of  anemometrv,  and  as  an  instance  he 
might  mention  the  way  in  which  the  hand  rail  of  the  ladder  by  which  the 
observer  got  up  to  the  cups  was  Bometimes  left  projecting,  so  that  the  eddy  from 
it  would  just  catch  one  side  of  the  instrument  as  it  turned.  He  was  glad  Mr. 
Curtis  had  based  his  results  upon  the  Bridled  Anemometer  at  HolvhcAd,  as  he 
thought  that  was  the  onlytrustworthy  pressure  instrument  from  which  we  had  any 
records  in  England.  He  might  state  that  he  had  constructed  a  scale  for  this 
anemometer  at  the  request  of  the  Meteorological  CounoiL  The  identical 
cups  now  in  use  at  Holyhead  had  been  sent  to  him,  and  he  had  tried 
them  at  speeds  up  to  70  miles  an  hour  upon  the  whirling  znaohine  at 
Hersham.  The  vdocities  quoted  by  Mr.  Curtis  were  therefore  quite  in- 
dependent of  any  question  about  the  value  of  the  fEKstor  of  the  Bobins<m 
cups.  He  had  obtained  the  pressure  tmon  a  square  foot  circular  plate  on  the 
same  whirling  machine,  and  by  precisely  similar  methods,  and  hence  he  could 
state  positiv^  that  the  highest  wind  pressure  ever  recorded  at  Holyhead  was 
about  86  lbs.  per  square  foot,  corresponding  to  Mr.  Curtis*s  115  miles  per  hour, 
and  about  20  lbs.  would  correroond  to  the  ffusts  of  80  miles  per  hour.  This 
was  remarkable,  since  Holyhead  was  one  of  the  windiest  stations  in  the  British 
Isles,  yet  pressures  of  80  lbs.  were  quite  common  at  many  other  stations  inland, 
Bidston  particularly,  where  90  lbs.  per  square  foot  had  been  registered.  He  thought 
it  was  explained  by  the  fsMst  that  the  Bridled  Anemometer  was  trustworthy,  whereas 
the  records  of  the  pressure  plates  were  utterly  unreliable  in  so  fisur  as  maximum 
pressure  was  concerned,  on  account  of  the  unsatisfactory  way  in  which  the 
pencil  was  connected  with  the  plate.  Mr.  Curtis  had  found  that  with  an 
average  or  "  normal '  velocity  of  40  miles  per  hour,  a  maximum  of  80  or  90 
might  be  expected  in  the  gusts.  At  Oxshott  he  had  found  that  the  maximum 
was  {^nerally  about  double  what  Mr.  Curtis  called  the  normal  yelooity,  and  t^e 
rdation  seemed  to  hold  for  light  as  well  as  strong  winds.  It  was  noteworthy, 
however,  that  when  the  temperature  was  high  the  ^ind  was  always  more  gusty, 
also  at  Oxidiott  the  South-south-west  and  North-west  to  North  winds  were 
especially  gusty,  but  this  was  probably  due  to  the  fiEK)t  that  to  the  south-south- 
west and  nor&-north-west  there  were  trees  within  ICO  yards  nearly  level  witii 
the  anemometer,  while  in  all  other  directions  there  was  a  very  good  exposure. 
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PROCEEDINGS  AT  THE  MEETINGS 
OF  THE  SOCIETY. 


May  16th,  1894. 

I 

Ordinary  Meeting. 
BZQHABD  IinrAU)8,  F^JLS.)  Prettdent,  in  the  Chair. 

LsoNABD  BnoEBLXT  WnjJAMS,  M.B.,  Ch.M.,  Hillsdon,  Sidmaaih,  waa 
balloted  for  and  duly  eleeted  a  Fellow  of  the  Society. 

The  foUowing  oommozuoations  were  read : — 

"ThB   BbLATZTB    FBBQtrXNOT    OF    DIFFEBENT    YeLOCITIKS    OF    WiNB."       By 

William  Elub,  F.B.S.    (p.  287.) 

«  Atjbibility  of  <  Bia  Bbn  '  at  West  Nobwood  uhdeb  cbbtain  Metbobo- 
LoaiGAL  Conditions."    By  W.  Mabbiott,  F.B.Met.Soc.    (p.  248.) 

**  Eabth  Tbmpebatxibes  at  Cbonxboubne,  Isle  of  Man,  1880-1889.*'  By 
A.  W.  MooBE,  M  JL    (p.  250.) 

«  NoTB  on  ▲  Dust  Whibl  ob  Whiblwind  at  Addisooxbb,  Apbil  22nd,  1894." 
By  P.  Bioknell,  F.B.Met.Soo. 

On  Sunday,  April  22nd,  1894,  between  2.80  and  2.81  p.m.,  I,  and  two  friends 
walking  with  me,  saw  a  whirlwind  or  dost  whirl  close  to  Addiscombe  Boad 
Station. 

It  was  calm,  or  almost  calm,  when  we  saw  a  sudden  doud  of  dust  almost  at 
the  comer  of  Canning  Boad.  The  cloud  collected  opposite  the  railway  station, 
and  a  thin  column  of  dust  ascended  from  that  point  to  a  height  of  60  to  100  yards, 
at  first  perpjendicularlv,  and  then  turning  to  the  north.  The  lower  part  of  the 
whirl,  rotating  with  the  sun,  advanced  along  the  Addiscombe  Boad  for  some 
80  yards,  then  turning  the  comer  of  Canning  Boad  and  being  lost  to  sight. 

Any  light  breeze  there  was  was  from  about  East-south-east,  but  it  was  very 
nearly  calm  all  round,  and  I  particularly  noticed  that  the  leaves  of  the  trees 
dose  to  the  course  of  the  whirl  were  quite  still. 

The  ascending  dust  looked  just  like  yellow  smoke  rising  from  a  chimney  on  a 
perfectly  calm  day,  but,  of  course,  it  rose  much  higher. 

Though  I  never  saw  such  a  phenomenon  before,  I  presume  it  is  of  frequent 
occurrence. 

Mb.  G.  J.  Stxons,  F.B.S.,  exhibited  three  lantern  slides  of  Snow  Cbtstals. 


June  20th,  1894. 

Ordinary  Meeting, 

BiCHABD  Inwabds,  F.B A.S.,  President,  in  the  Chair. 

The  following  oommimioationa  were  read : — 

«  Foos  bepobted  with  Stbono  Winds  dubing  the  15  tbabs  1876-90  in  th^ 
Pbitish  Isles."    By  Bobebt  H.  Soott,  F.B.S.    (p.  258.) 
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*'  SoMB  Ohabaotsbzstio  Fbatubbs  or  Gales  and  StsoNO  Winds.     By  B.  H. 
Cubus,  F.B.Met.Soo.    (p]  262.) 

Mb.  B.  H.  Sooty  read  the  foUowiag:— 

<^  {^(mfr.  OK  fiw<i  im^mvngo^B  ivt  GtumvhiA  Jaofmsia  in  Wiub^wxokssbb  " 

brother,  Iiir.  E.  A.  Scott,  M.A.,  one  of  the  Masters 
D  at  about  11  a.m.  on  Thursday,  April  25th,  1894, 
a  ball  of  fire  "  about  as  large  as  would  so  into  a 
close  to  bis  hou^e  at  Bugby  and  explode.  The 
1  both  ^d^,  ^*  eovenog  tl^e  road  and  one  walk  with 


u  not  seen  until  immediately  before  its  ezplosidn. 

place  on  Sunday,  July  2na,  1893,  at  Dunchuroh, 

m  Nature,  Vol.  XLVIII.,  at  p.  841,  in  a  letter  from 

»ther  of  the  Bngby  Masters.    Mr.  Oununings  says, 

|(bur  wil^esaest  all.  of  whom  agree  that  during  an 

re  the  explosion  Bi  large  fiery  globe  was  seen  travel- 

itting light  of  such  dazzling  brilliancy  that  the  only 

one  of  them  who  was  out  of  doors  at  the  time  was  for  a  moment  bUnded  and 

dazed,  and  felt  for  some  ^hort  time  afterwards  a  sensation  of  pain  in  the  back  of 

the  head  and  the  neck. 

^*  The  path  tidten  by  ike  fireball  during  the  two  minutes  it  was  observed  eonld 
hardly  have  been  direct,  as  the  direction  taken  when  first  seen  makes  an  obtuse 
angle  with  the  direction  indieated  by  all  who  saw  it  immediately  before  the  ex- 
plosion. 

'*  The  damage  done  was  the  fraoture  of  24  panes  ol  glass  in  the  lumse,  and  the 
breaking  off»  at  a  height  of  17  feet  firom  the  ground,  of  the  top  of  a  Welling- 
tonia  some  90  feet  high,  and  distant  38  yards  firpm  the  nearest  comer  of  the 
house." 

Mb.  B.  H.  Soott  read  the  su^'oined  letter  from  a  correspondent  in  the 
I%ilippuie  Islands  on  the  subject  of  the  dependence  on  atmospheric  ocxiditions 
of  the  motion  of  the  sipaoke  of  volcanoes. 

^  In  the  Proceedings  of  the  Royal  Society,  Vol.  XLIII.,  the  Hon.  B.  Aberoromby 
^ves  two  sketches  of  the  smoke  column,  (1)  in  fine  weather,  and  (2)  before 
^  typhoon,  of  the  "  volci^io  oif  Abayon  in  tne  Island  of  Albay."  This  ^ould 
ireaa  tho  "  voloano  of  Mayon,  near  Albay,  at  the  southern  end  of  the  Island 
of  Luzon.'*    The  letter  confirms,  in  the  main,  Mr.  Aberoromby*s  remarks. 

"  Deab  Sib, — My  friend,  Mr.  F.  £.  Coney,  has  written  me  from  England  asking 
me  to  write  you  direct  any  information  I  could  supply  you  with  in  regard  to  the 
smoke  issuing  from  the  volcano  of  Mayon.  I  can  say  nothing  from  personal 
observation,  but  ^o  gentlemen  here  who  lived  at  Tobaeo,  a  town  situated  at 
the  base  of  the  mountain,  inform  me  that  during  fine  weather  the  smoke  ascends 
strf^ght.  During,  or  rather  before,  bad  weather,  the  smoke  descends,  forming  a 
cap  fJl  round  the  Bummit«  not  oiilv  on  one  side  as  the  sketch  Mr.  Coney  sent  me 
suggests.  The  distanpe  which  the  smoke  descends  varies  according  to  the 
density  of  the  atmosphere.  It  is  not  necessary  that  a  typhoon  should  follow ;  a 
strong  blow  from  the  South  will  cause  this.  Neither  gentleman  can  state  oer- 
eainly  that  they  have  ever  seen  this  "  cap  "  half  way  down,  but  oertainlv  quite 
ttw-tiuid.  But  tiiey  think  that  before  a  heavy  typhoon^  with  an  abnopnally  low 
iarometer,  the  mountain  may  be  half  covered. 

*'  I  trust  this  informatioB  will  be  of  use  to  you.  If  &ere  is  any  other  informa- 
tion whieh  yon  may  rec|uire  which  I  can  obtain  for  you,  please  make  use  of  my 
aerviees, — ^i  am,  dear  Sir,  foithfully  yours,  D.  M,  FLBXiNa.  Manila,  15th  May, 
18W." 
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CORRESPONDENCE  AND  NOTES. 

Dew  and  Bea  Breeze.— Mr.  8.  Enott,  in  a  letter  to  Mr.  B.  H.  Seott,  F.B.S.,  dated 
Mojanga,  Madagascar,  July  24th,  1894,  says :  <'  When  visitiiig  yon  over  a  year  a^ 
yon  asked  me  if  heavy  dew  bronght  rain,  to  which  I  replied  in  the  negative.  This 
season  I  have  carefimv  watched  the  after  effects  of  dew,  and  find  that  during  the 
present  monsoon  {BJS.)  heavy  dew  invariably  brings  a  change  of  wind  in  the 
afternoon  of  the  day  following,  or  here  a  Seabreeze  from  North-west  to  South- 
west ;  and,  cnrionsly,  the  heavier  the  dew  the  stronger  the  sea  breeze.  And 
farther,  during  this  monsoon  I  find  that  these  heavy  dews  and  sea  breezes  occur 
at  the  spring  tides,  and  the  monsoon  is  much  lighter  during  these  12  days ;  but 
"when  the  neaps  take  on  it  increases  very  much  in  force,  and  only  varies  fi^m  due 
South  to  South-east." 

Rainfall  at  Sevenoake. — Mr.  W.  W.  Wagstaffs,  having  completed  ten  ^rears' 
residence  at  Sevenoaks,  has  forwarded  the  ^  following  results  of  his  rainfall 
observations : — 

BAINFALL  AT  SEYENOAXS,  1884-88. 

Yean.        Jan.     Feb.   Har.  April.  ICay.  June.  Jvlj.    Aug.    Sept.    Cot.     Nor.    Dee.     ToUL 
in.       in.      in.       in.       in.       in.       in.       in.       in.       in,       in.      in.        in. 


1884 

.      S*48 

1-95 

1-98 

168 

•74 

1-64 

1*98 

•96 

4-97 

r74 

•82 

880 

M56 

1885 

.      312 

808 

1-66 

2-50 

8-88 

129 

•15 

115 

4-78 

482 

2-85 

1-76 

29-58 

1886 

8-21 

•58 

166 

217 

408 

•54 

2-77 

164 

2-50 

2-77 

4-24 

4-28 

10-44 

1887 

.      2-89 

•62 

1-68 

2-48 

200 

1-26 

•99 

2-62 

288 

2-22 

4-78 

210 

2582 

1888 

•72 

180 

4-69 

2-16 

1-19 

5-92 

5*81 

8-81 

1-59 

1-76 

4-96 

220 

85-45 

1889 

1-22 

8-28 

2-54 

8*20 

800 

1-90 

260 

2-65 

1-55 

6-10 

1-56 

2^19 

81-74 

1890 

8-75 

1-21 

8-14 

270 

1-78 

2-25 

5-46 

8-95 

•72 

187 

8-58 

•56 

80  87 

1891 

.       8-84 

... 

219 

•72 

876 

1-84 

4-52 

4-51 

1-68 

7-70 

2-98 

4^86 

87  61 

1892 

-86 

1-65 

2-07 

2-07 

1-17 

5-40 

2-55 

8-96 

2-82 

5-94 

416 

2-67 

85-84 

1898 

2-80 

488 

•78 

•01 

•46 

•77 

822 

107 

1-91 

4-86 

8-19 

2-92 

26-27 

[eana   .. 

2-Si 

1-88 

2-22 

1-96 

2-20 

2-28 

2-96 

2-57 

2-49 

8^87 

s-so 

2-68 

30-70 

The  greatest  fall  on  one  day  was  2-63  ins.  on  June  28th,  1892. 

Mr.  Wagstaffe  recorded  the  rainfall  twice  daily,  viz.  at  10  a.m.  and  at  sunset, 
with  the  view  of  seeing  what  an  "  invalid's  day  and  night "  would  show  in  the 
difference  of  rainfall ;  the  invalid's  day  being  taken  to  be  from  10  a.m.  to  sunset. 
The  percentage  of  rain  which  fell  in  the  former  period,  compared  with  that 
which  fell  in  the  latter  period,  was  as  follows : — 

Night 

63 
61 
66 
62 
60 
67 

[The  division  of  the  24  hours  into  two  periods,  10  a.m.  to  sunset  and  sunset 
to  10  a.m.,  may  be  interesting  from  the  point  of  view  of  the  valetudinarian,  but 
it  is  otherwise  an  arbitrary  and  artificial  division,  one  having  no  meteorological 
significance,  and  no  relation  with  any  phvsical  fact,  such  as,  for  instance,  would 
have  been  the  case  had  the  limiting  times  been  sunrise  and  sunset.  The  varying 
percentages  found  for  different  months  must  largely  depend  on  the  difference  in 
the  length  of  the  adopted  day  at  different  seasons,  rather  than  on  any  real  varia- 
tion in  the  daily  distribution  of  rainfall.  So  that  the  conclusions  of  the  author 
have  no  meaning  in  a  meteorological  sense,  as  between  day  and  night,  but  only 
as  referring  to  the  division  of  the  day  adopted. — £d.] 

Radii  to  a  Rainbow.— Mr.  H.  C.  Russell,  F.R.S.,  of  the  Sydney  Observatory, 
New  South  Wales,  has  forwarded  the  accompanying  sketch  made  by  Mr.  L, 


Day 

January 

37 

February 

39 

March 

86 

April 

38 

May 

40 

June 

43 

Day 

Nigl: 

July 

48 

62 

August 

42 

68 

September 

37 

63 

October 

42 

68 

November 

36 

66 

December 

41 

69 
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ttxTgnve  of  two  well-defined  radii  of  a  rainbow,  which  he  observed  at  Stanwell 
Park,  20  miles  south  of  Sydney,  at  6  p.m.  on  May  9th,  1894.  The  radii  remained 
visible  for  10  minutes. 


/   ,  ... .    .'       <    //  9/',  .  <  ^">rr7>^- 


Badii  of  a  Bainbow.     A.  Dust  colour.    B.  White  radius.    C.  Light  slate  coloured 
radius.    D.  Dark  slate  colour. 

Proteotion  from  Lightning. — The  U.S.  Weather  Bureaa  has  issued  a  pam- 
phlet on  this  subject  by  Mr.  A.  McAdie»  which  is  intended  to  furnish  informa- 
tion of  practical  value  to  aU  dasses,  and  especially  to  fjEurmers,  builders,  and 
phvsicians.  The  author  gives  statistics  of  deaths,  fires,  and  damage  caused  by 
lightning,  and  shows  that  bams,  granaries,  and  stables  are  the  objects  most  fre- 
quentlystruck.  The  risk  in  the  eouxitry  is  about  five  times  greater  than  in  the 
city.  With  regard  to  trees,  the  oak  is  most  frequently,  and  the  beech  least  fre- 
quently struck.  The  author  mentions  various  methods  reconmiended  for  pro- 
tection from  lightning,  and  describes  the  Report  of  the  Lightning  Rod  Conference 
as  an  excellent  one,  and  that  it  must  stand  for  years  as  the  embodiment  of  the 
most  widely  gathered  information  and  well  considered  decisions.  Mr.  McAdie 
points  out  that  there  are  some  very  prevalent  misapprehensions  with  regard  to 
lightning.  For  example  :^  that  it  never  strikes  twice  in  the  same  place ;  that 
the  most  exposed  place  is  always  struck ;  that  a  few  inches  of  glass  or  a  few 
feet  of  air  wul  serve  as  a  competent  insulator  to  bar  the  progress  of  a  flash  that 
has  forced  its  way  through  a  thousand  feet  of  air,  &c.  The  author  then  pro- 
ceeds to  give  some  practical  rules  for  guidance  in  selecting  and  maintaining 
lightning  conductors,  the  last  of  which  is  as  follows : — **  Finally,  if  you  should  be 
in  the  vicinity  of  a  person  who  has  just  been  struck  by  lightning,  no  matter  if  the. 
person  struck  appears  to  be  dead,  go  to  work  at  once  and  try  to  restore  con- 
sciousness. There  are  manj  cases  on  record  proving  the  wisdom  of  this  course  ; 
and  there  is  reason  for  believing  that  ligfatnmg  often  brinss  about  suspended 
animation  rather  than  somatic  death.  Try  to  stimulate  the  respiration  and 
circulation.  Do  not  cease  in  the  effort  to  restore  animation  in  less  than  one 
honr*s  time." 

Somarkable  HaiL — ^During  a  severe  hailstorm  at  Vicksburg  on  the  afternoon 
of  Friday,  May  11th,  a  remarkably  large  hailstone  was  found  to  have  a  soUd 
nucleus,  consisting  of  a  piece  of*^  alabaster  from  one-half  to  three-quarters  of 
an  inch.  During  the  same  storm,  at  Borina,  8  miles  east  of  Vicksburg,  a  gopher 
turtle,  6  by  8  inches,  and  entirely  encased  in  ice,  fell  with  the  hail. 

An  examination  of  the  weather  map  shows  that  these  hailstorms  occurred  on 
the  south  side  of  a  region  of  cold  Northerlv  winds,  and  were  but  a  small  por-  . 
tion  of  a  series  of  similar  storms ;  apparently  some  special  local  whirls  or  gusts 
carried  heavy  objects  from  the  earth  s  surface  up  to  the  cloud  region,  where 
they  were  encased  by  successive  layers  of  snow  and  ice,  until  they  fell  as  hail- 
stones. The  fact  that  hailstones,  as  well  as  drops  of  water  and  flakes  of  snow, 
often  contain  nuclei  that  must  have  been  carried  up  from  the  earth*s  surface,  is 
entirely  in  accord  with  the  general  principle  that  ascending  currents  precede  the 
formation  of  cloud  and  rain,  and  that  solid  nuclei  are  needed  to  initiate  the 
ordinary  precipitation  of  moisture.— ifon^/y  Weather  Review,  May  1894, 


Digitized  by 


Google 


2?l  oo&Bxspo^Bxko^  AKi>  minL 

The  Weight  of  Bndw.<— Prof.  GeveUnd  Abbe,  in  the  MorMy  Weather  RetfUw 
for  April,  gives  the  following  notes  on  the  weight  of  fcnow : — ^**  In  connection  with 
the  heavy  snowfall  of  April  10th  and  14th,  in  Pennsylvania,  N.  41^  W.  7T  40^ 
the  amount  of  snow  that  fell  on  the  platform  scales  at  that  place  weighed 
1,640  pounds;  as  the  platform  was  8  by  12  feet,  or  96  square  feet  in  aroa,  this 
gives  an  average  weignt  of  about  17  pounds  to  a  square  foot,  which  is  equivalent 
to  a  depth  of  3*3  inches  of  water,  and  using  the  ordinaiy  ratio,  10,  this  gives  a 
corresponding  depth  of  33  inches  of  snow. 

**  Mr.  Edward  Ferry,  of  Bel  Air,  Harford  Co.,  Md.,  in  a  letter  published  in 
the  monthly  report  of  the  Maryland  State  Weather  Service,  states  that  hia 
clerk  found  that  the  weight  of  the  snow  on  the  platform  scales  at  that  place 
was  1,520  pounds  (presumably  on  the  morning  of  April  12th) ;  the  scale  plat- 
form measured  7  feet  10  inches  by  16  feet ;  this  gives  an  average  of  12*93  pounds 
to  the  square  foot,  and,  if  we  assume  that  none  of  the  snow  melted,  and  so 
escaped  being  weighed,  this  would  correspond  to  a  depth  of  2*4  inches  of  water. 
The  average  depth  of  snow  lying  on  the  ground  at  the  end  of  the  great  snow- 
storm of  April  lOth  and  11th,  in  Northern  Maryland,  varied  from  15  to  30  inches 
in  the  different  localities  covered  by  newspaper  reports,  but  the  largest  recorded 
bV  regular  observers  was  24  inc^s  at  Darlington  aitd  4t  PaHston^  both  ia 
Harford  County,  at  the  head  of  Chesapeake  Bky. 

<*  Although  the  above  result  may  be  rather  crude,  jet  it  suggests  an  excellent 
method  of  getting  at  <the  aterag^  qifatitlur  of  pfscipitiilion  in  case  the  mow  fatts 
without  melting  and  withoat  much  drifting.  It  also  gives  some  idea  of  the 
weight  that  must  be  supported  by  roofs  and  walls  in  cases  of  similar  heavy 
snowfalls. 

diniate  of  AlgeriA»*-Mr.  A.  8.  White,  in  a  paper  on  "  Hie  Situation  in 
Algeria**  {jSdotHkh  €hograpMeal  Magatine,  April  16^4),  gives  a  brief  aooount  of 
its  climate.  The  paper  is  admlrablv  illusfrated  by  maps  showing  the  vegeia* 
tidn  and  surfacse  features;  orographical  features;  mtei  annual  tempemtsre; 
aiid  meafi  annual  rafnfkll.  The  climate  and  Tei|etati6n  of  Algeria  tqipren- 
mate  to  those  of  southern  Europe,  but  are  more  sub-tropieal  in  charaeler*  Tfas 
atenkge  annual  rainfall  of  Algeria  is  sometimes  taken  at  29  ins.  The  Msttest 
ralnfkn  f ovet*  31  ins.) is  recorded  in  the  Jujura  moulitains,  to  the  east  of  Algiers; 
the  lowest,  of  course,  in  the  Desert.  The  intenreniiig  regions  receive,  rosgidy, 
from  128  to  31  ins.  on  the  northern  slopes  of  the  Atlas,  and  from  16  to  23  ins.  on 
the  soiithem  slopes.  On  the  boirderiand  of  the  Desert  there  is  aa  annttid  n&n* 
f ifll  of  front  7  to  15  ins.  Algeria  suffers  very  nuoh  by  the  absence  of  impofct* 
ant  rivetn,  and  the  prolonged  drought  in  th^  summer;  boi extensite  irrigstioa 
works  (costing  nearer  five  millions  of  d&rancs)  have  been  underlakea  toteuedy 
th^e  defects,  whilst  in  the  south  especially  at  the  base  of  the  mountains,  there 
are  inexhaustible  supplies  of  stibterHaneafa  waters.  Cohieiding  with  the  syslens 
of  climate,  there  are  well  marked  and  diversified  chsncteristies  ox  sbiU 
Broadly  speaking  there  are  three  distinctive  regtons?  the  TeU  iMids  of  the 
Littord,  tbe  ^Hfgh  'Plftteau,'  idid  like  Siibaran  or  DecfeK  'traets.  The  vine,  eertals, 
olives  and  oranges  are  cultivated  in  the  Tell^  cereals  and  affa  are  rafssid  on  tkie 
High  Plateau ;  and  in  the  Desert  regjpns  date-palms  and  fruit  trees  bear  fruit 
in  the  summer,  whSst  in  the  winter  flocks  and  hehis  occhpy^ti^e  attentten  of  the 
inbabitants. 

ObB&tM^cm  tin  Hbiint  OtMkB,  Jkpia.— A  party  of  otaervers  set  out  1b 
July  1891  from  the  Toklo  Observatory  to  make  a  series  of  two-hourly  observa- 
tions on  the  summit  and  at  tbe  hwe  of  Mount  Ontake,  which  is  one  of  the 
highest  mountains  in  Japan,  b^ihg  10,023  feet  above  sea  level.  The  observa^ 
tions  extended  from  August  Ist  to  September  l2th,  a  period  of  43  days.  Thb 
results  are  published  in  the  Annual  Report  of  the  Central  Meteorological  Qbser- 
vator^r  of  Japan  for  1891,  part  II.  The  mean  atmospheric  pressure  on  the 
summit  during  this  period  was  2094  ins.,  which  is  only  seven-tenths  of  that  at 
sea  level.  The  slightest  labour  soon  caused  fatigue,  and  breathing  was  greatly 
accelerated.  The  mean  temperature  of  the  air,  though  ft  was  Uie  nottest  seSitott 
of  the  year,  was  only  48^,  which  corresponds  to  the  bitter  part  of  Mai^h  or  the 
ll^ddle  of  Kovember  in  Tokio»    Towards  tiie  end  of  Augtkst  ursler,  kept  in  ii 
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tank  placed  ontside  the  cottage,  froze  to  a  thickness  of  abont  0-24  in.  This^ 
howerer,  was  said  to  be  an  nnasnal  occurrence  at  this  season ;  the  minimam 
temperature  on  the  27th  was  47°  even  at  Kurosawa,  the  lower  station  (2,733  feet 
above  sea  level).  As  it  is  so  cold  on  the  summit  great  masses  of  snow  remain 
unmelted  in  several  shaded  places  even  during  midsummer.  When  clear  days 
continued  for  a  long  time,  as  was  the  case  in  the  first  part  of  September,  the 
temperature  of  the  air  generally  rose  above  68°  by  day,  and  even  at  night  it  re- 
mained above  41°.  Anyone  who  exposed  himself  on  such  days  to  the  direct  sun- 
shine felt  its  scorching  effect  upon  the  skin  to  be  almost  intolerable,  owing  to 
the  great  rarefaction  of  the  atmosphere  and  the  small ness  of  the  amount  of 
aqueous  vapour  in  it. 

When  an  area  of  low  barometer  passes  near  the  mountain,  the  summit  ig  en- 
veloped in  dense  clouds  with  heavy  wind  and  cold  rain,  whicn  carry  off  the  heat 
from  the  human  body  very  quickly.  In  such  cases  climbers  often  lose  their 
way,  and  are  sometimes  chilled  to  death. 

During  the  period  in  question  the  temperature  of  the  air  during  the  days  of 
storms  remained  almost  stationary  at  48'' or  little  above,  when  the  cold  was  felt 
to.be  more  intense  than  in  the  calm  dry  days  with  lower  temperature. 

t&imatd  of  A^Wllfft, — ^Mr.  J.  C.  Russell,  in  a  paper  on  "  Alaska :  its  physical 
geography.'*  in  the  Scottish  Oeographieal  Magazine  for  Au^st,  says  that  the 
climate  oi  Alaska,  like  its  physical  features,  presents  marKed  contrasts.  On 
the  south  coast  the  rainfall  is  excessive,  amounting  in  some  observed  instances 
to  more  than  100  inches  a  year.  A  series  of  observations  made  at  Sitka  by 
Russian  observers  for  20  years  gave  a  mean  annual  precipitation  of  over 
83  inches.  A  belt  of  extreme  humidity  extends  westward  along  the  coast, 
probably  increasing  in  breadth  until  Mount  St.  Ellas  is  reached,  and  then 
diminishing  in  the  vicinity  of  the  Aleutian  Islands.  In  the  interior  it  is  much 
drier,  as  is  known  from  the  experience  of  travellers,  and  also  from  a  limited 
number  of  observations.  At  Camp  Davidson,  where  the  Yukon  crosses  the 
141st  meridian,  as  observed  by  Mr.  M*Grath,  of  the  U.S.  Coast  and  Qeodetic 
Surve]^,  the  precipitation  from  September  14, 1889,  to  June  22, 1891,  was  but 
19-05  ins. ;  for  the  year  1890  it  was  13*55  ins.  On  the  northern  coast^  in  com- 
mon with  other  portions  of  the  Arctic  zone,  the  annual  precipitation  is  small : 
at  Point  Barrow,  as  observed  by  the  International  Polar  Expedition  in  charge  of 
Lieutenant  Ray,  the  rainfall  for  1882  was  a  little  over  8  inches. 

The  aridness  of  the  interior  and  northern  portion  of  Alaska  may  thus  be 
compared  with  that  of  the  arid  region  between  the  Rock^  Mountains  and  the 
Sierra  Nevada.  The  humid  region  along  the  south  coast  is  a  continuation  of 
the  rainy  belt  of  Oregon  and  Washington.  The  excessive  rainfall  on  the 
southern  coast  is  accompanied  by  cool  summers  and  by  remarkably  mUd  winters. 
The  mean  annua;l  temperature  at  Juneau  and  Sitka  is  about  50°.  The  tempera- 
ture seldom  falls  below  zero  (0^.  The  winters  are  milder  than  at  Chicago  or 
Boston,  and  .are  not  marked  oy  the  extremes  experienced  in  New  Tor(c  or 
Washington.  In  the  interior  the  summers  are  warm,  and  occasionally  the  tem- 
perature rises  to  between  90°  and  100°  in  the  shade ;  but  in  wintcv  the  cold 
IS  excessive,  and  a  temperature  40°  or  50°  below  freezing  point  is  frequently 
experienced  for  many  days  in  succession.  The  difference  in  climate  between 
th^  coast  and  the  interior  is,  perhaps,  most  strongly  indicated  by  the^  character 
of  the  veffetation.  On  the  east  coast  of  Mount  St  Elias  the  forests  are  dense,  the 
trees  are  Targe,  and  the  undergrowth  nearly  as  impenetrable  as  in  the  Tropics. 
In  the  interior  the  forests  are  almost  entirely  of  spruce  trees  of  small  growth, 
which  are  confined  to  the  river  valleys,  while  the  hill  tops  and  mountua  sides 
are  bare  of  trees  and  covered  with  luxuriant  srasses. 

The  marked  climatic  differences  between  the  coast  and  the  interior  also  £nd 
expression  in  the  distribution  of  the  glaciers,  which  are  of  great  extent  among 
the  .mountains  on  the  coast,  but  are  entirely  wanting  on  elevations  4,000  to 
5,Q00  feet  high,  situated  near  and  even  north  of  the  Arctic  circle. 
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RECENT    PUBLICATIONS. 

American    Meteorological   Journal.      A  Monthly  Review  of  Meteorology. 
July-September  1894.    Vol.  XI.     Nos.  8-5.    8vo. 

The  principal  artideB  are: — ^Changes  in  the  definitions  of  clouds  since 
Howard :  by  H.  H.  Clayton  (14  pp.)  By  following  the  changes  in  cloud 
nomenclature  since  Howard,  the  author  says  that  it  seems  clear  that  there  has 
been  a  gradual  evolution  during  which  differences  and  distinctions  not  recog« 
nised  by  Howard  have  been  established,  and  errors  due  to  perspective,  as  in  the 
case  of  the  cumnlo-stratns,  have  been  corrected.  Thus  a  distinction  between 
high  and  low  cirro-stratus  and  high  and  low  cirro-cumulus  has  been  established, 
and  the  lower  forms  called  alto-stratus  and  alto-cumulus.  The  stratus  has  been 
separated  into  fog  and  low  sheet  clouds,  and  two  distinct  forms  of  rain  cloud 
recognised. — The  newspaper  weather  maps  of  the  United  States :  by  R.  de  C. 
Ward  (11  pp.).»Psyciirometer  studies:  by  Prof.  H.  A.  Hazen  (4  pp.).-— Fre- 
quencjr  of  amounts  of  precipitation :  by  Prof.  M.  W.  Harrin^n  (12  pp.).-* 
Precipitation  and  temperature  and  their  effects  on  crop  production  in  Texas  for 
the  year  1898 :  by  Dr.  I.  M.  Cline  (9  pp.).— On  cloud  formation :  by  Prof.  W.  von 
Bezold  (19  pp.  and  2  plates).  This  is  a  translation  of  an  address  delivered  in 
Berlin  in  November  1893,  and  published  in  Eimmel  und  Erde,  Vol.  YI.  No.  5.—* 
Smnmer  hot  winds  on  the  great  plains :  by  Dr.  I.  M.  Cline  (12  pp.").  Apparently 
the  conditions  on  which  the  development  of  hot,  dry  winds  over  tne  eastern  slope 
of  the  Rocky  Mountains  and  eastward  depends  are  the  presence  of  nearly 
stationary  or  slow  moving  low  pressure  areas  alons  the  eastern  slope  and  then 
eastward,  with  a  relatively  high  pressure  over  the  Pacific  off  the  coast  of  Oregon 
or  in  that  vicinity.  In  no  instances  are  hot  winds  noted  with  a  low  pressure 
area  which  moves  eastward  with  any  degree  of  rapidity. — ^The  Meteorological 
Services  of  South  America :  by  A.  L.  Kotch  (5  pp.).  This  is  the  first  of  a 
series  of  papers  in  which  the  author  proposes  to  give  an  account  of  the  meteo- 
rological services  in  the  South  American  States  based  on  a  personal  inspection 
in  1893.  In  the  present  paper  he  deals  with  Peru,  Chili,  and  the  Falkland 
Islands.  In  previous  numbers  Mr.  Rotch  has  given  similar  notices  of  seversJ  of 
the  European  Weather  Services. 

Anntiaire  de  la  SoeiitS  MitSoroIogioue  de  France.     December  1898-Mareh 
1894.    4to. 

The  principal  articles  are:  R6sum6  des  observations  centralisdes  par  le 
Service  hvdrom^trique  du  bassin  de  la  Seine,  pendant  Tannic  1892 :  par  M. 
Babinet  (35  pp.).— Note  sur  Fouragan  de  Maisons-Laflitte,  le  21  Septembre  1893 : 
par  G.  Raymond  (8  pp.). — Sur  les  observations  pluviom^triques  de  M.  le  Dr. 
B6ripy  i,  Versailles  rSeine  et  Oise)  :  par  Y.  Raiuin  (3pp.).— La  pluie  k  Ara- 
gom  :  par  A..Angot  (3  pp.). 

Journal  of  the   ScoUieh  Meteorological  Society.     Third  Series.     No.  X. 
Syo.    1894. 

Contains:— The  monthly  and  annual  Rainfall  of  Scotland,  1866  to  1890:  by 
Dr.  Buchan  (22  pp.  and  13  plates).  Tables  and  maps  are  given,  showing  the 
mean  monthly  and  annual  rainfall  at  324  stations  for  the  25  years.  It  is 
pointed  out  that  the  three  prominent  causes  which  determine  the  amount 
of  the  rainfall  are  the  rise  and  fall  of  the  temperature  with  season,  the 
prevailing  winds,  and  the  physical  configuration  of  the  country  with  reference 
to  these  winds. — ^The  Climate  of  Braemar:  by  R.  C.  Mossman  ^17  pp.). 
This  is  a  discussion  of  observations  extending  over  a  period  of  38  years. 
1856-1898.  The  station,  which  is  1,111  feet  above  sea  level,  was  founded 
in  1855  by  H.R.H.  the  late  Prince  Ck>nsort.— Hygrometric  researches  at 
the  Ben  Nevis  Observatory :  by  A.  J.  Herbertson  (8  pp.).  These  researches 
were  undertaken  with  the  view  of  determining  the  amount  of  water  vapour 
in  the  air  under  varying  conditions.     The  gravimetrical  metiiod  was  adopted 
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ot  measaring  the  qaaatity  of  water  yaponr  in  the  atmosphere  by  drawinff 
a  known  volume  of  air  through  drying  tubes,  weighed  preyiously  to  and 
after  each  experiment;  and,  at  the  same  time,  the  ordinary  dry-  and  wet^ 
bulb  thermometers  were  read  at  regular  intervals,  and  also  the  general  weather 
conditions  noted.  As  regards  the  tabulation  of  dew  points,  vapour  pressures, 
and  relative  humidities  at  the  Ben  Nevis  Observatory,  where  the  mean  annual 
temperature  is  30^*9,  it  seems  certain  that,  for  all  temperatures  about  or  below 
the  mean,  tables  based  on  Regnault's  formulas  five  much  truer  values  than  those 
based  on  Glaisher's  factors. — Comparison  of  observations  at  the  low  level 
Observatory,  and  at  the  Public  School,  Fort  William :  by  R.  T.  Omond  (6  pp.)* 

MeUorologiache  Zeitiehrifi.    Bedigirt  von  Pr.  J.  Hamr  und  Dr.  Q.  BxujuxtK. 
June-September  1894.    4to» 

The  principal  contents  are :— Ueber  den  grossen  Staubfall  in  Schweden  und 
angrenaenden  Lindem  am  3.  Mai  1892  :  von  A.  £.  Nordenskidld  ^18  pjp.).  On 
this  day  a  fall  of  dust  occurred  over  a  narrow  strip  of  country  extending  from  Fin- 
land to  the  mouth  of  the  Elbe.  The  dust  was  distinctly  granular,  and  analysis 
showed  that  its  main  constituents  were  x-- 

Percent. 
Diiica  ...  ...  ••«  •«•  ••  Oo 

Alumina  ...  ...  •■•  ...  18 

Loss  on  Combustion  (carbonaceous  matter)  16 

Baron  Nordenskidld  cites  numerous  other  dust-fidls,  and  gives  analvses  of 
dust  collected  from  crevices  in  steeples  and  other  rarelV  visited  elevated  locali- 
ties. He  concludes,  as  the  result  of  the  whole  inquiry,  tnat  the  earth  is  encircled 
by  a  doud-rinff  composed  of  matter  in  a  great  measure  silicious.  Some  of  the 
dust-falls  are  distinctly  volcanic,  but  that  under  consideration  was  not  so.  In 
the  case  of  the  Atlantic  dust-falls  there  is  a  large  admixture  of  local  terrestrial 
dust  with  this  cosmical  dust,  but  in  higher  latitudes  the  cosmical  dust  comes 
down  unadulterated.  The  phenomena  of  the  sodiacal  light  are,  according  to 
the  author,  evidently  related  to  the  dust-ring. — ^Ueber  die  Anwendung  der 
Photogrammeter  aur  Messung  von  Wolkenhdhen :  von  P.  Akerblom  (6  pp.). 
This  a  description  of  a  double  camera  fitted  on  a  theodolite  intended  for  the 
production  oi  photographs  of  the  same  part  of  a  cloud  from  the  extremities  of 
a  base-line,  with  formnlss  for  calculation  of  the  resulting  heights  and  velocities. 
— Die  Gewitter  und  der  Wettersturz  am  4.  September  1892  in  den  Ostalpen  :  von 
K.  Prohaska  (11  pp.V  This  is  an  account  of  the  most  important  development 
of  thunderstorms  wnich  has  been  noticed  in  Carinthia  since  observations  of 
such  phenomena  have  been  ox|;anised  there  in  1885.  Dr.  Prohaska  argues  for 
the  existence  of  a  strong  inclmation  of  the  axis  of  a  depression  which  accom- 

{^anied  the  storms,  and  gives  two  isobaric  charts  for  the  same  hour,  one  at  sea 
evel,  the  other  at  the  level  of  3.000  metres,  the  latter  showing  the  centre  of  the 
depression  shifted  nearly  90  miles  to  the  north.  The  discussion  of  the  effect 
of  this  as  regards  descending  movements  in  front  of  an  advancing  depression* 
and  ascending  in  its  rear,  will  well  J^^j  perusal. — ^Die  tlUrliche  Periode  der 
Richtung  (una  Geschwindigkeit)  des  wlndes  auf  dem  Eiffel-Thurm  i  von  Dr.  A. 
Sprung  (11  pp.).  The  author  has  dealt  not  only  with  the  direction  but  also  with 
the  velocity  of  the  wind  for  two  full  years.  As  regards  the  latter,  the  velocity  at 
the  base  has  its  maximum  between  noon  and  2  p.m.  throughout  the  year, 
but  on  the  top  the  minimum  falls  during  the  day  hours,  and  its  time  varies  through 
five  hours,  falling  at  9  a.m.  in  summer  and  at  2  p.m.  in  winter.  As  re- 
gards direction  there  is  strong!  v  marked  backing  ip  tne  forenoon  and  veering 
in  the  afternoon.  In  winter  the  changes  are  not  so  decided,  but  falling 
in  with  the  change  in  the  hour  of  minimum  velocity.  Dr.  Sprung  concludes 
the  paper  by  sa;fing  that  the  level  of  the  station  was  stUl  rather  low,  but 
that  the  results  give  a  general  support  to  the  theoiy  of  vertical  changes  pro- 
pounded by  Espy  and  K9ppen.«-I)ie  Resultate  der  meteorologischen  Beobach- 
tnngen  auf  dem  Pic  du  Alidi:  von  Dn  F»  Klengel^K)  pp.),    This  paper  has 
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extended  over  three  numbers  of  the  Zeitschrift.  The  aathor*s  conclusions  are  t 
1;  The  climate  is  about  4^  warmer  than  the  Western  Alps,  and  about  5°  warmer 
than  the  Eastern  Alps  at  the  same  level.  This  is  due  to  its  lower  latitude. 
2.  The  annuid  range  of  temperature  at  the  summit  is  very  great  3.  The  chief 
features  of  the  Pjrenean  climate  are  the  cold  spring  and  the  great  contrast  be- 
tween spring  and  autumn.  4.  April  is  especiidly  cold,  owing  to  the  fact  that 
in  that  month  the  track  of  Atlantic  depressions  comes  near.  5.  The  absolute 
minima  appear  very  abnormal.    The  mean  and  absolute  maxima  are  very  high. 

6.  The  non-periomc  temperature  oscillations  are  very  great  at  the  summit. 

7.  The  yearly  period  of  pressure  is  chiefly  marked  bv  the  depression. of  April. 

8.  The  diurnal  amplituoe  of  pressure  appears  very  lai;g6  in  comparison  with 
Alpine  stations.  9.  As  to  rain,  a  maximum  at  between  7,600  and  7,900  feet  is 
clearly  marked. — Prof.  C.  Marangoni  uber  den  Hagel  ^10  pp.).  This  communi- 
cation is  a  translation  by  Dr.  J.  M.  Pernter  of  papers  in  the  Atti  della  R.  Acad, 
dei  Lincei  for  1898  and  1894.  The  author  goes  back  to  Volta^s  original  explana- 
tion of  hail  formation,  and  he  points  out  that  if  we  make  allowance  for 
Volta's  ignorance  of  modem  thermal  and  electrical  discoveries,  we  must  admit 
that  he  showed — 1.  That  the  cold  was  due  to  evaporation ;  2.  That  the 
cause  of  growth  of  the  hailstones  is  electrical  repulsion  and  attraction ;  and  3. 
That  electricity  is  not  the  primary  cause  of  the  hail,  but  its  result  and  a  secondary 
cause.  The  other  papers  deal  with  the  shapes  of  the  hailstones,  the  repulsion 
of  the  stones  in  tne  cloud,  and  .the  peculiar  noise  of  hail  -showers. — Beitrage 
zur  Theorie  des  Ventilations- Pyschrometers :  von  W.  A.  Nippoldt  (17  pp.). 
This  is  an  elaborate  discussion  of  the  principle  on  which  the  Hygrometrical 
Tables  in  general  .use  are  based,  especially  with  reference  to  the  recent  proposiJs 
of  Dr.  Ekholm JM  regards  the  formula  for  hygrometrical  reductions  below  the 
freezing  point.  The  author  discusses  the  works  of  Chistoni,  Pernter,  Sworykin 
and  others  on  the  same  subject,  and  the  paper  well  merits  study  from  tnose 
interested  in  the  question. — ^Die  Anticyklonen  des  Winters  1893-94,  nach 
Beobachtungen  auf  dem  Brockengipfel  (1142  m.):  von  R.  Suring  (8  pp.).  The 
author  remained  ^n  the  top  of  the  Brocken  for  some  months,  in  order  to  ascertain 
the  advisability  of  erecting  an  observatory  there.  The  paper  gives  an  account 
of  his  results  during  the  anticyclone  of  that  winter,  and  he  comes  to  the  con- 
clusion that  the  frequent  rises  of  temperature  which  are  observed  are  due 
mainly  to  the  descending  currents  of  air,  and  so  probably  to  a  sort  of  fdhn 
action. 

Proeeedin^B  of  the  Royal  Society,    Yol.  LYI.  No.  886.    8vo.     1894. 

•On  the  electrification  of  air :  by  Lord  Kelvin  and  M.  Maclean  (10  pp.).  The 
authors  describe  some  experiments  which  they  made  to  find  if  a  small  unchanged 
portion  of  air  could  be  electrified  sufficiently  to  show  its  electrification  by  ordi- 
nary tests,  and  could  keep  its  electrification  for  any  considerable  time  ;  and  to 
test  whether  or  not  dust  in  the  air  is  essential  to  whatever  of  electrification 
might  be  observed  in  such  circumstances,  or  is  much  concerned  in  it.  From  thjs 
etperimentB  'it  is  seen .  that,  on  the  supposition  of  electric  density  uniform 
throughout  the  spherical  enclosure,  each  cubic  centimetre  of  air  experiences  an 
electrostatic  force  towards  the  boundary  in  simple  proportion  to  distance  from 
.  the  centre,  and  amounting  at  the  boundary  to  nearly  10  per  cent,  of  the  force  of 
gravity  upon  it;  and  electric  fprces  of  not  very  dissimilar  ma^itudes  must  have 
acted  on  the  air  electrified  as  it  actually  was  in  the  non-sphencal  enclosure  used 
in  the  experiments*  If  natural  air  or  cloud,  close  to  the  ground  or  in  the  lower . 
regions  of  the  earth*s  atmosphere,  is  ever,  as  in  all  probability  it  often  is,  elec- 
trined  to  as  great  a  degree  of  electric  density  as  the  authors  have  found  it  within 
their  experimental  vat,  the  natural  electrostatic  force  in  the  atmosphere,  due,  as 
It  is,  no  doubt,  to  positive  electricity  in  very  high  regions,  must  exercise  an  im- 

Sortant  ponderomottve  force  quite  comparable  in  magnitude  with  that  due  to 
ifierence  of  temperatures  in  different  positions.  It  is  interesting  to  remark 
that  negativelv  electrified  air  over  negatively  electrified  ground,  and  with  non- 
electrified  air  above  it  in  an  absolute  calm  would  be  in  unstable  equilibrium  ;  «nd 
the  negatively  electrified  air  would  therefore  rise,  probably  in  lar^e  masses,  through . 
the  non-electrified  air  up  to  the  hieher  regions,  where  the  positive  electrification 
is  Buppoaed  to  reside..   Evan  Jirith  no  -stronger  electrification  than  that  which' 
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tti6  authors  ha^d  had  within  their  experimental  vat,  the  moving  f broes  would  be 
^iflijiuiii  to  produce  instability  comparable  with  that  of  air  warmed  by  the 
gh>nnd^Mril  itsing  throogh  colder  air  above.  Dnring  a  thunderstorm  the  electri- 
ncation  of  air,  or  of  mr  and  the  watery  spherules  constituting  cloud,  need  not 
be  enormously  stronger  than  that  found  in  the  experiments.  This  is  seen  by 
considering  thiat  if  a  uniformly  eleotri^d  globe  of  a  metre  diameter  produces  a 
ditfetence  of  potential  of  88  volts  between  its  surf^^e  and  centre,  m  globe  of  a 
kiiometi^  diameter,  electrified  to  the  same  electric  density,  reckoned  according 
to  the  totalelectriciQr  in  ^y.flini;all  volume  (electrici|hr  of  ahr  and  of  spherules 
of  water,  if  there  are  any  in  it),  would  produce  a  difference  of  potential  of  88 
million  volts  between  its  surface  and  centre.  In  a  thunderstorm,  flashes  of 
liehtning  show  us  differences  of  potentials  of  millions  of  volts,  but  not  perhaps 
of  many  times  88  million  volts  between  places  of  the  atmosphere  distant  from 
one  another  bv  half  a  kilometre. — On  rapid  variations  of  atmospheric  tempera- 
ture, especially  during  Fohn,  and  the  methods  of  observing  them :  by  J.  Y. 
Buchanan,  F.R.S.  (20  pp.).  It  has  not  been  before  remarked  that  the  true 
F5hn  occurs  in  our  own  country,  and  with  its  characteristics  quite  as  well 
marked  as  in  Switzerland.  It  is  sometimes  supposed  that  a  great  absolute 
height  of  mountain  chain  is  required  for  its  production ;  but  this  is  not  so.  A 
relative  height  of  8,800  to  8,960  feet  is  quite  sufficient  for  its  production ;  and 
this  is  equally  available  on  the  west  coast  of  Scotland  and  on  the  northern 
slopes  of  the  Alps.  The  author  describes  some  observations  which  he  made  in 
the  summer  of  1898,  which  was  abnormally  warm  all  over  the  north  of  Europe. 
In  the  beginning  of  July  he  observed  the  Fohn  at  Fort  William,  and  in  the 
latter  part  of  August  in  the  Upper  Engadin,  and  more  particularly  in  the  valley 
occupied  by  the  Morteratsch  glacier.  Besides  the  observation  of  the  varying 
temperature  of  the  air  itself,  the  investigation  of  the  temperature  gradient  set 
op  between  the  meltine  ice  surface  of  the  glacier  and  the  hot  winds  blowing 
over  it  presented  considerable  interest  The  curious  fact  was  observed  that 
while  the  hot  wind  was  blowing  over  the  glacier  and  melting  the  surface  in 
abundance,  the  temperature  of  the  air,  as  close  to  the  ice  as  a  thermometer  could 
be  applied  without  touching  the  ice,  was  never  lower  than  41^*9. 

Sitxunff^firiehte  d&r  kaUerlichen  AkademU  der   Wisseruchafien  in   Wien* 
Mathem.-natnrw.  chisse :  Band  Om.  Abth.  11.  Jannary  1894.    8vo. 

Contains :  Beitriige  zum  t&glichen  Gauge  der  meteorologische  Elemente  in 
den  h5heren  Luf  tschichten :  von  J.  Hann  (48  pp.^.  This  is  a  discussion  of  the 
results  of  two  different  mountain  stations,  OntaKO  (10,023  feet)  in  Japan  and 
Mont  Blanc  (15,878  feet),  M.  Vallot*s  observations.  The  observations  of  pres- 
sure and  temperature  are  discussed  with  great  care,  and  from  almost  every  point 
of  view  that  is  possible,  and  each  result  is  compared  with  those  given  by  Dr. 
Hann  in  his  previous  communications  on  similar  subjects.  The  final  outcome 
is  thus  stated :  '*  The  results  of  the  pressure  observations  at  the  summit  of  Mont 
Blanc  are  in  complete  accordance  with  those  at  other  summit  stations,  and  also 
on  the  Elffei  Tower,  and  the^  all  indicate  that  in  the  upper  strata  of  the  free  at- 
mosphere the  daily  range  of  temperature  is  much  less  than  what  is  shown  by 
direct  temperature  observations." 

8ymom^9  MotUhljf  Meteorological  Magazine*    JiiIy*September  1894.    Vol. 
XXIX.    Nos.  842-844.    Svo. 

Contains :  The  May  frost  of  1894  (7  pp.). — Sun  spots  and  air  temperature 
(1  p.).— The  Antwerp  Congress  (1  p^. — Kainfall  and  flood  at  Bristol  (2  pp.). 
This  occurred  on  Julv  24th,  when  2*53  ins.  of  rain  fell  in  ten  hours  and  a  half. 
— ^Heavy  rain  and  hailstorms,  July  1894  (2  pp.). — Rain  of  Jn\j  1894  in  the  South* 
east  of  England  (1  p^i.  The  total  for  the  month  was  considerably  more  than 
twice  the  average. — ^The  British  Association  at  Oxford  (11  pp.).  This  gives 
notes  of  some  of  the  meteorological  papers  read  in  the  various  sections. 

Tramactione  of  the  South  African  PkUosTpVcal  Society.    Vol.  Y.    Part  XL 
1886-1889.    8vo.    1898. 

Contains :  The  winter  storms  of  Soath  AMc^  illustrating  the  value  of  Cape 

Digitized  by  VjOOQIC 


ttJtOIMT  PttBUOATloifi* 

Point  as  a  warning  station  :  by  A.  G.  Howard  (16  pp.  and  plate).  Cape  Point 
is  a  peak  standing  op  about  816  feet  above  sea  level,  and  in  the  author's  opinion 
offers  itself  as  an  indicator  of  coming  storms  to  those  who  will  take  the  trouble 
to  investigate  what  its  warnings  portend. — ^The  Storms  of  South  Africa:  by 
A.  6.  Howard  (12  pp.). — ^The  barometer:  its  reduction  to  sea-level:  by 
A.  6.  Howard  (7  pp.\---On  some  photoffraphs  of  lightning  flashes :  by  C.  K. 
Woods  (6  pp.).---Sea-levels  in  South  Africa  from  barometnc  observations:  by 
F.  Guthrie  (8  pp.). — ^The  relation  of  the  sand  dune  formation  on  the  South- 
West  Coast  of  Africa  to  the  local  wind  changes :  by  H.  C.  Wilmer  (4  pp.). 
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Suggestions  as  to  the  Methods  of  determining  the  Influenoe  of  Springs 
on  the  Temperature  of  a  River,  as  illustrated  by  the  Thames  and 
its  Tributaries. 

By  H.  B.  GUPPY,  M.B. 
(Commnnicated  by  F.  C.  Bayabd,  LL.M.,  F.B.Met.Soc.) 


[Beoeivdd  November  Ist.—Bead  November  21  at,  1894.] 

Some  of  the  small  tributaries  of  the  Thames,  like  the  Maiden  River^  and 
the  Wandle,  which  are  mainly  fed  by  head-springs  appearing  at  the  surface, 
afiford  convenient  opportunities  for  observing  the  influence  of  springs  on 
river  temperature.  In  suggesting  the  following  methods  of  investigation,  I 
would  remark  that  our  acquaintance  with  the  thermal  economy  of  rivers, 
though  much  increased  by  Dr.  Forster's  recent  admirable  memoir,'  is  not 
yet  sufficiently  exact  to  enable  us  to  assign  its  true  value  to  each  of  the  lines 
of  inquiry  indicated  below.     Other  better  plans  will  doubtless  present  them- 

1  Also  known  as  the  Ewell  Biver  and  the  Hogsmill. 

s  **Die  Temperatnr  fliesaender  Gewasaer  Mitieleuropas  *'  {Qtograpkitchs  Abhand- 
lungtn,    Wien :  band  V.,  heft  4, 1894). 
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2  aUPFY — DRIVER  TEMPERATURES. 

selves  to  the  minds  of  some,  and  it  is  probable  that  novel  means  will  be  dis- 
closed in  the  course  of  each  investigation. 

(A.)  By  a  comparison  of  the  curves  of  the  monthly  means  of  the  tempera^ 
tures  of  the  air  and  of  the  water  for  the  river  under  observation  with  those  of 
a  river  beyrmd  the  controlling  influence  of  spHngs. 

I  assume  for  the  rivers  of  this  country,  that  is  to  say  for  rivers  very  small 
in  size  when  compared  with  many  continental  rivers,  that  the  limits  of  the 
control  of  the  springs  aie  passed  when  the  curve  of  the  water  temperature 
is  above  that  of  the  air  all  through  the  year,  the  difference  being  greatest  in 
summer,  when  it  varies  usually  between  2°  and  4;  and  least  in  winter,  when 
the  curves  are  only  1^  or  so  apart.  This  is  true  not  only  for  the  Thames  at 
Greenwich  within  tidal  influence,^  but  it  also  applies  to  the  same  river  at 
Kingston  beyond  the  reach  of  the  tides ;  ^  and  it  is  true  as  well  for  the 
more  important  of  its  tributaries  at  their  mouths,  if  the  Gherwell  at  Oxford 
18  a  typical  instance.*  It  is  the  general  character  of  the  "  Flachlandfliisse  " 
of  Dr.  FOrster,  rivers  of  this  class  being  defined  by  him  as  warmer  than  the 
air  all  thronp:h  the  year. 

When,  therefore,  in  the  case  of  any  of  the  Thames  tributaries  we  find  a 
marked  departure  from  this  rule,  we  must  look  for  the  disturbing  cause ;  and 
if,  as  will  generally  happen,  we  can  exclude  those  connected  with  a  mountain 
course  or  an  origin  in  a  lake  or  a  temporary  disappearance  under  ground,  we 
must  look  to  the  springs  for  an  explanation.  Thus  by  comparing  the  accom- 
panying charts  of  the  curves  of  the  air  and  water  temperatures  for  the 
Gherwell  at  Oxford  and  the  Kennet  at  Marlborough,  both  of  them  tributaries 
of  the  Thames,  we  perceive  that  the  Gherwell  at  its  mouth  has  the  thermal 
regime  of  a  river  of  the  type  above  referred  to,  whilst  the  Kennet  10  miles 
from  its  source  exhibits  curves  of  a  different  type.  The  Gherwell  is  warmer 
than  the  air  throughout  the  year,  a  character  that  would  have  been  more 
strikingly  illustrated  in  the  diagram  if  the  observations  had  been  made 
during  the  hour  preceding  noon,  the  time  of  mean  temperature.  On  the 
other  hand,  the  Kennet,  during  the  summer  half  of  the  year,  is  a  great  deal 
cooler  than  the  air.  The  Kennet  at  Marlborough  is  in  fact  an  example  of 
the  "  Quellfliisse  *'  of  Dr.  F5rster,  or,  in  other  words,  it  is  largely  con- 
trolled by  the  springs.  It  finds  its  representative  in  a  tributary  of  the 
Danube,  the  Ach,  at  Memmingen,  the  data  for  which,  together  with  a  chart  of 
the  curves,  are  to  be  found  in  Dr.  Forster's  monograph. 

(B.)     By  a  comparison  of  the  range  of  the  monthly  means^  of  the  tempera- 

1  Sir  G.  B.  Airy  in  Proc,  Boy.  Soc.  Lond.  Vol.  34.  These  well-known  observations 
covered  a  period  of  88  years. 

>  From  the  writer^s  unpublished  observations,  which  were  continued  for  two  years. 

>  Mr.  Chapman's  series  of  ten  years*  observations,  on  the  Gherwell,  Brit,  At$.  Rep. 
1891. 

*  The  range  of  the  monthly  means  during  a  series  of  years  is  not  the  difference 
between  the  months  with  the  high.e8t  and  lowest  averages ;  but  it  is  greater  than  this, 
as  the  hottest  and  coldest  monihs  vary  considerably.  It  is  estimated  from  the  aggre* 
gate  of  all  the  ranges.  CalcuUted  thus,  it  is  28°'9  instefid  of  2Q^-3  for  the  Thames  at 
Greenwich  (88  years),  and  28°-8  instead  of  26''-8  for  the  Gherwell  at  O:dord  (10  years). 
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tare  of  the  river  under  investigation  with  that  of  a  river  beyond  the  control  of 
the  springs. 

This  method  is  founded  on  the  principle  that  the  range  would  be  very 
small  at  the  sources,  and  would  increase  with  distance  from  the  springs  as  far 
as  the  limit  of  their  influence.  At  the  sources  the  range  would  be  probably 
6°  or  6°.  When  the  river  reaches  that  part  of  its  course  where  it  passes 
from  under  the  control  of  its  springs  and  becomes  subject  to  the  agencies 
affecting  atmospheric  temperature,  the  range  of  the  monthly  means  in  this 
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country  would  be  between  26°  and  80°.  The  Thames  and  its  tributaries  are 
well  fitted  for  the  application  of  this  method.  Mr.  Bayard's  observations  on 
the  Waudle  springs^  enable  us  to  place  the  range  of  this  small  river  at  its 
sources  at  about  6°,^  whilst  the  Cherweli  at  Oxford  ranges  about  29°,  the 
Thames  at  Kingston  about  80°,  and  at  Greenwich  about  29°.'  These  data 
approximately  determine  the  limits  of  the  possible  range  of  water  tempera- 
ture for  the  Thames  and  its  tributaries.     When,  therefore,  as  in  the  case  of 

1  Some  of  the  obaervations  were  made  on  springs  at  their  eauta,  and  others  on 
spring-fed  pools,  so  that  the  results  are  of  a  varied  character,  the  ranges  of  the 
monthly  means  differing  greatly,  the  smallest  being  under  1°  and  the  largest  as  much 
asir! 

>  The  range  of  the  combined  monthly  means  of  the  ten  springs  observed  by  Mr. 
Bayard  during  the  year  commencing  with  November  1 888  is  47°-6  -  53°*7.  This  gentle- 
man tells  me  that  on  any  given  day  the  mean  of  the  ten  springs  was  very  near  the 
temperature  of  the  Wandle  at  its  commencement.  His  observations,  which  extended 
over  15  months,  are  referred  to  in  Dr.  Mill's  British  Association  Report,  1891.  They  are 
given  in  full  by  Mr.  Gushing  in  Proe.  Croydon  Na',  Hist,  Club  for  1891. 

'  It  should  be  noted  that  the  observations  at  Oxford,  Kingston,  and  Greenwich  covei: 
periods  widely  different  in  extent  {vide  supra). 
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the  Kennet  at  Marlborough,^  10  miles  from  its  sources,  ve  find  a  tributary 
with  a  range  of  only  about  12°,  we  may,  if  other  influences  are  excluded, 
attribute  this  result  to  the  springs. 

Now  the  Rennet  runs  a  course  of  about  50  statute  miles  before  it  joins  the 
Thames  ;  and  the  question  to  be  answered  is,  how  far  down  the  stream  are 
its  waters  under  the  controlling  influence  of  the  springs.  We  have  seen 
that  spring  influence  is  predominant  10  miles  from  the  sources ;  but  since 
the  Cherwell  is  not  under  the  control  of  the  springs  at  its  j  auction  with  the 
Thames  after  a  course  of  nearly  40  miles,  we  may  infer  that  the  Kennet,  long 
before  it  joins  the  Thames  at  Reading,  will  be,  like  the  Cherwell  at  Oxford, 
freed  from  their  sway.  We  can  therefore  surmise  that  a  tributary  of  the 
Thames  40  to  60  miles  in  length  throws  off  the  equalising  influence  of  the 
springs  before  it  joins  the  main  stream.  I  will  subsequently  show  that 
smaller  tributaries,  like  the  Maiden  River  and  the  Wandle,  which  are  respec- 
tively six  and  nine  miles  in  length,  and  are  chiefly  fed  by  head -springs,  are 
under  the  control  of  the  springs  for  the  whole  of  their  courses. 

Beverley  Brook,  another  affluent  of  the  Thames,  about  nine  miles  in 
length,  is  far  less  under  the  influence  of  head-springs  than  the  two  rivers  just 
mentioned.  In  its  upper  course  it  becomes  very  low  in  summer ;  and  in 
fact  when  it  reaches  the  outskirts  of  Wimbledon  Commun,  about  five  miles 
from  its  mouth,  its  temperature  is  regulated  by  the  atmospheric  agencies,  so 
that,  judging  from  a  few  observations  which  I  have  made,  the  range  of  ite 
monthly  means  would  there  be  quite  SOP.  As  it  flows  past  the  Common  and 
through  Kingston  Yale  it  receives  a  considerable  accession  of  water  from 
perennial  rills  and  subsoil  oozings,  so  that  its  temperature  becomes  there 
very  irregular.  But  their  effect  is  evanescent ;  and  probably  enough,  in 
summer,  its  temperature  at  the  mouth  will  be  as  high  as,  or  higher  than,  the 
temperature  of  the  Thames. 

The  Mole,  a  Thames  tributary,  about  25  miles  in  length,  would  appear, 
from  some  observations  which  I  have  made  in  different  seasons  of  the  year, 
to  exhibit  a  range  of  monthly  mean  temperatures  2°  or  8°  less  than  that  of 
the  main  river.  The  principal  difference  occurs  in  summer,  when,  near  its 
mouth,  it  is  usually  2°  or  8°  cooler  than  the  Thames.  Now  it  is  at  this 
season  in  particular  that  the  Mole  pursues  a  subterranean  course  for  a  mile 
or  two  under  Box  Hill,*  some  17  miles  along  its  banks  from  the  mouth  ;  and 
it  is  to  this  circumstance  rather  than  to  the  effect  of  the  head -springs  that  it . 
owes  its  comparative  cooIuass  on  nearing  the  Thames. 

1  The  range  of  the  monthly  mfans  of  the  Kennet  at  Marlborough  in  1889  waff  41^-8 
(February)  to  6i°'?.  (June),  or  r2°-6.  The  Cherwell  at  Uxford  in  the  Bame  year  had  a 
range  of  27®*4,  the  difference  between  37°-3  in  December  and  6*°-7  in  July.  The  ob- 
servaiions  for  both  rivers  were  made  at  9  a.m.  Those  for  the  Kennet  were  undertHken 
by  Messrs.  W.  and  H.  Maurice,  and  the  results  are  given  in  Dr.  Mill's  BriUah  A»8ocia* 
tion  Report^  1891.  Other  rivers  dealt  with  in  this  report,  such  as  the  Stour  at  Canter- 
bury, iifford  evidence  of  spring  control  in  the  limited  range  of  the  monthly  means. 

9  It  would  be  of  interest  to  determine  the  difference  between  the  temperature  of  the 
river  as  it  disappears  in  the  '*  swallows  "  and  its  temperature  when  it  reappears. 


Digitized  by 


Google 


dUPPT RIVEH  TEUPEBATtlAES.  O 

Looking  at  these  data  relating  to  six  Thames  tributaries,  the  Cherwell,  the 
Kennet,  the  Mole,  the  Maiden  Biver,  Beverley  Brook,  and  the  Wandle,  I 
should  consider  that  affluents  mainly  fed  by  head -springs  and  up  to  10  miles 
in  length  never  get  beyond  the  control  of  the  temperature  of  the  springs  ; 
that  those  25  miles  long  are  able  to  free  themselves  from  their  sway  ;  and 
that  rivers  40  to  50  miles  in  length  are  not  affected  by  the  springs  beyond 
the  upper  half  of  their  course. 

The  range  of  the  monthly  means  for  any  of  our  rivers  may  be  readily 
obtained^  by  taking  observations  every  other  day  in  December,  January,  and 
February,  and  in  June,  July,  and  August,  at  11  a.m.  in  summer  and  at 
noon  in  winter. 

(C.)  By  a  comparison  of  the  range  of  the  monthly  meant  of  the  river 
temperature  with  that  of  the  air  in  the  shade, 

A  river  of  the  flat  country  in  England,  when  free  from  disturbing  influencesi 
will  be  near  the  temperature  of  the  air  in  winter,  but  in  summer  it  will 
be  usually  from  2^  to  4°  warmer  than  the  air,  so  that  the  range  of  the 
monthly  means  for  the  river  will  be  rather  greater  than  that  for  the  air. 
Therefore,  when  we  find  the  water-range  markedly  less,  we  must  look  out  for 
the  disturbing  cause  ;  and  if  we  are  able  to  exclude  those  arising  from  a  moun- 
tain or  a  subterranean  course  or  from  an  origin  in  a  lake,  we  are  at  liberty  to 
consider  such  an  effect  to  be  due  to  the  controlling  influence  of  springs. 
This  method  is,  of  course,  included  in  that  relating  to  the  comparisons  of  the 
curves  of  the  air  and  water  temperatures,  the  method  A  of  this  paper ;  but 
I  have  given  it  a  separate  place  because  observations  need  only  be  taken  in 
the  winter  and  summer  months  named  under  method  B.  As  it  has  been 
already  illustrated,  I  shall  merely  give  emphasis  to  its  utility  by  directing 
attention  to  the  diagrams  for  the  Gherwell  and  the  Kennet. 

(D.)  By  comparing  the  daily  range  of  water  temperature  at  different  sta- 
tions along  a  river* s  course. 

This  would  be  almost  nothing  at  the  springs,  and  wotdd  gradually  increase 
with  distance  run  until  the  limit  of  spring  influence  is  passed,  when  it  would 
become  more  or  less  stable.  Such  is  the  behaviour  of  'spring-brooks  and 
perennial  rills,^  and  we  cannot  doubt  also  of  several  of  the  tributaries  of  the 
Thames.  This  method  to  be  persistently  carried  out  would  involve  consider- 
able trouble ;  but  employed  in  a  limited  fashion,  it  would  be  a  valuable  pre- 
liminary test.  Only  four  or  five  sets  of  observations  would  then  be  required, 
and  in  rivers  whera  springs  control  the  temperature  for  several  miles,  the 
stations  should  be  a  mile  or  so  apart ;  but  in  streams  or  small  rivers,  where 
the  observer  can  within  an  hour-and-a-half  visit  all  the  stations,  one  person 
can  efficiently  carry  out  the  scheme,  since  in  that  interval  the  water  tempera- 
ture would  but  slightly  change.  Fine  weather  should  be  selected,  and  each 
set  of  observations  ought  to  consist  of  three  in  the  24  hours,  namely,  during 

^  This  Babjeot  is  dealt  with  by  the  author  in  Proe.  Roy,  Phyt,  Soe,  Edin,  January 
1894. 
s  I  have  disoupsed  this  matter  in  Science  Qoeeip  for  October  1894. 
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the  hour  following  sunrise,  between  8  and  4  p.m.,  and  at  the  following  sun- 
rise ;  or  the  series  could  begin  in  the  afternoon.  The  corresponding  mini- 
mum and  maximum  temperatures  of  the  air  in  the  shade  should  be  at  the 
same  time  noted ;  but,  in  the  absence  of  self-recording  instruments,  obser- 
vations with  an  ordinary  thermometer  at  sunrise  and  at  2  p.m.  would  give 
approximate  results. 

I  may  remark  that  this  method  is  by  no  means  the  simple  plan  it  at  first 
appears  to  be.  Hot  days  and  cool  nights,  with  the  consequent  great  diurnal 
range  of  air  temperature,  afford  the  best  conditions,  and  the  temperature  of 
the  river  at  its  sources  should  be  about  that  of  the  daily  mean  of  the  air. 
For  instance,  with  the  air  ranging  between  40°  and  65°  and  the  river  at  its 
sources  about  52° ;  circumstances  we  might  expect  to  find  early  in  May  or 
early  in  October ;  we  ought  to  get  good  results.  In  the  middle  of  summer, 
when  the  air  minimum  and  the  temperature  of  the  springs  would  be  near 
rogether,  the  observations  would  have  to  be  restricted  to  the  determination 
of  one  of  the  elements  of  the  daily  range,  namely  the  rise.^ 

(E.)  By  a  comparison  of  sunrise  observations  made  at  different  stations 
along  the  river's  course. 

In  settled  weather  during  the  warm  half  of  the  year  an  ordinary  river  un- 
controlled by  springs  is  at  sunrise  several  degrees  warmer  than  the  air.  This 
is  a  well-known  feature  of  river  temperature,  to  which  I  have  referred  in  the 
paper  before  quoted.  For  instance,  in  the  case  of  the  Thames  at  Kingston, 
I  have  found  the  difference  to  be  frequently  over  10°.  At  this  hour,  how- 
ever, the  temperature  of  a  river  under  the  influence  of  springs  would  be 
much  nearer  the  air  minimum  and  might  even  be  lower.  In  winter  the 
effect  of  springs  would  be  to  increase  greatly  the  usual  excess  of  the  tem- 
perature of  the  river  over  that  of  the  air.  Four  or  five  sets  of  observations, 
a  week  or  so  apart,  would  answer  every  purpose  of  a  preliminary  test ;  and 
in  rivers  where  springs  extend  their  influence  for  several  miles,  simultaneous 
observations  should  be  made  by  different  observers  a  mile  or  two  apart ;  but 
in  ordinary  streams  one  observer  could  do  it  all  in  an  hour's  walk  from  the 
sprmgs. 

(F.)  By  a  comparison  of  observations  made  at  diferetit  stations  along  the 
river's  course  at  the  h§ur  of  maximum  temperature^  2  p.m.  in  winter  and 
between  8  and  4  p.m,  in  sumnur. 

This  method  should  be  carried  out  in  the  manner  just  mentioned  under 
method  (E),  namely,  by  simultaneous  observations  at  stations  a  mile  or  so 
apart  for  rivers  like  the  Kennet  or  the  Wandle,  or  by  a  single  observer  in 
the  case  of  brooks  or  streams.  A  hot  summer  afternoon  and  a  frosty  day  in 
winter  should  be  chosen  for  the  purpose,  the  seasons  of  spring  and  autumn 

^  The  daily  range  of  river  temperature  and  the  time  of  observation  are  di^oa8sed  in 
my  paper  in  Proe,  Roy,  Phyt,  See.  Edin  ,  Jan.  1894.  The  matter  is  ably  handled  by 
Dr.  Forster  in  Qeograph,  AbhandL^  Wien,  band  V.  heft  4,  1894.  The  mean  daily  range 
of  the  Thames  at  Greenwieh  is  3^*1,  and  at  Kingston  about  1^*5.  In  tributaries  of  the 
Thames  beyond  the  oontrol  of  the  springs  it  would  be  probably  not  under  4^  for  the 
year's  average,  and  as  much  as  6°  in  July,  and  as  little  as  3"  in  winter. 
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being  less  suitable,  smce  at  those  periods  the  temperatures  of  a  rivex  within 
and  beyond  the  control  of  the  springs  are  not  far  removed.  It  is  scarcely 
necessary  to  point  out  that  in  winter  the  river  temperature  would  fall  with 
distance  from  the  springs  ;  whilst  in  summer  it  would  increase,  the  change 
proceedmg  in  either  case  until  a  constant  temperature  betokens  the  limit  of 
their  influence. 

(G.)  By  ths  comparison  of  the  results  obtained  from  a  single  series  of 
observations  made  in  one  day  along  (he  whole  course  of  a  mnall  tributary  Uks 
the  Wandle,  or  along  the  upper  course  of  a  larger  tributary  as  the  Kennet, 

This  plan,  which  can  be  accomplished  in  a  day's  walk,  is  a  rough  and 
ready  method  that  might  be  useful  in  first  examining  a  river  with  a  view  to 
a  more  systematic  inquiry.  The  seasons  when  the  constant  temperature  of 
the  river  beyond  the  control  of  the  springs  is  farthest  apart  from  the  tem- 
perature of  the  sources,  namely  in  the  middle  of  winter  and  the  middle  of 
summer,  should  be  selected ;  and  the  main  stream,  in  this  case  the  Thames, 
will  afford  a  valuable  means  of  comparison.  I  have  put  this  method  into 
practice  in  the  instances  of  the  Wandle  and  the  Maiden  Rivet,  the  results 
being  given  in  7&bles  I.  and  II.  For  the  observations  on  the  Wandle  springs 
I  am  entirely  indebted  to  the  courtesy  of  Mr.  Bayard,  who  took  me  to  the 
various  localities. 

With  regard  to  the  Wandle  series,  the  coolness  of  the  river,  relatively  to 
the  Thames,  along  the  whole  of  its  course  is  apparent.  The  fall  of  tem- 
perature in  the  middle  third  of  the  series  is  due  probably  to  those  observa- 
tions being  made  in  the  forenoon,  while  those  of  the  upper  third  were 
made  in  the  afternoon.  The  rise  of  the  temperature  near  the  mouth  is  doubtless 
the  effect  of  the  accumulation  of  the  water  above  the  dam,  whereby  an  elemeiit 
of  pond  rSgime  is  introduced,  namely  a  higher  plane  of  temperature.  The 
low  atmospheric  temperature  of  the  previous  night  introduced  another  dier- 
turbing  cause,  as  it  would  affect  tiie  Wandle  more  than  the  Thames ;  but 
judging  from  my  observations  on  the  diurnal  range  of  the  Mole  and  the 
Maiden  River,  this  would  not  account  for  more  than  2P  of  the  difference* 
After  allowing,  however,  for  a  rise  in  the  temperature  of  the  Wandle  as  the 
day  progressed,  and  for  a  slight  increase  in  that  of  the  Thames,  I  arrive  at 
the  conclusion  that  the  Wandle  during  the  afternoon  would  not  have  had  a  . 
higher  temperature  than  56^  in  any  part  of  its  course,  whilst  the  Thames 
temperature  would  have  been  about  61°.  By  stating  it  in^this  way  the  dis- 
turbing causes  are  eliminated  to  a  great  extent,  siuce  the  elevation  of  tem- 
perature due  to  the  dam  at  the  mouth  is  no  doubt  counterbalanced  by  the 
greater  nocturnal  cooling  of  the  Wandle  as  compared  with  the  Thames. 
The  most  satisfactory  plan  of  carrying  out  this  series  of  observations  in 
summer  would  be  to  leave  Hackbridge  at  1  p.m.,  arriving  at  the  Thames 
not  later  than  6  p.m.  By  this  means  we  should  be  able  to  disregard  the 
uncertain  element  of  the  daily  rise  of  temperature.  We  should  be  observing 
the  Wandle  during  the  heat  of  the  afternoon,  and  the  Thames  on  our 
arrival  would  be  still  at  its  maximum.  In  winter  the  method  would  have  to  be 
adapted  to  the  shortness  of  the  day ;  but  the  daily  rise  of  river  temperature 
would  on  a  cold  frosty  day  be  almost  absent. 
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TABLE  I.— TiMPBiuTUBB  or  tub  Wanolb  Bivbb  on  Bbptbmbbb  4TH,  1894. 

Average  rate  of  ouzrent  x  foot  per  second.  Usaal  depth  2  to  3  feet.  Ayerage  width 
50  or  60  feet.  Weather  fairly  sunny  to  2  p.m.  Air  in  the  shade  at  Kingston 
41*^-  6i^  The  Wandle  proper  begins  a  few  hundred  yards  above  Haekbridge  at 
the  junotion  of  the  Croydon  and  Garshalton  branches. 


Time. 

1 

Riyer. 

Locality. 

S'^S 

4 

MUes. 

0 

7.15  a.m. 

Thames 

Kingston  (aboye  tidal  influence) 

, , 

59*4 

!  8.30  .» 

Thames 

Wandsworth  Pier  (tide  ebbing) 

606 

I    9-0     .t 

Wandle 

Dam  dose  to  mouth 

4 

54-8 

9.15    .. 

„ 

High  Street,  Wandsworth 

54*4 

9.45    M 

f» 

Duntshill.  below  railway 

I 

52-8 

10.15    „ 

It 

Plough  Lane,  Garratt 

2 

528 

11.0     „ 

»» 

Merton  Abbey 

31 

' 

527 

11.15    ». 

n 

About  500  ^ards  above  Merton  Abbey, 

by  roadside 
Bridge,  Mitcham,  to    Sutton  Bead, 

4 

527 

12.30  (p.m. 

1* 

5i 

537 

near  Rarensbury  Park 

X.O      „ 

f> 

Beddington  Comer 

6i 

540 

1-45    ». 

II 

Haekbridge,  joo  yards  below  junction 
of  the  two  head  branches 

7 

53-5 

a.o     „ 

Garshalton  Branch 
of  the  Wandle 

About  300  yards  above  junction,  be. 
low  railway 

7l 

549 

a.45    .. 

Croydon  Branch  of 
the  Wandle 

About  a  third  of  a  mile  above  junc- 
tion 

7i 

54-0 

Park  Wall,  Phillpott's  Comer 
Paris  Wall,  Haydon's  Corner 

, , 

580 

Springs  of  the  Car- 

, , 

55-8 

4.0-4.30 

Bhalton   Branch 

-  Lower  Pond  Steps 
Waterhouse  Pool 

8to8i 

51-1 

of  the  Wandle 

, , 

508 

.Upper  Pond,  C.  House  Stream 
r  Wallington  Comer 

, , 

52-2 

, , 

526 

Springs  of  the 
Croydon  Branch 
of  the  Wandle 

Smee*s  Mill  I. 

, , 

54-8 

4.45-5'»5 

-  Smee*B  Mill  U. 

8  tog 

522 

Ellis  Road  Stream 

•  • 

53*4 

EUis  Stream 

.. 

Si-8 

NoTB. — The  mean  of  the  temperature  of  the  springs  is  53^*3.  In  several  cases  the 
temperature  is  not  that  of  the  spring  at  its  exit,  but  of  the  spring  water  issuing  from 
a  pool.  Although  the  initial  temperature  of  the  Wandle  is  considerably  a£fected  by 
the  artificial  pools  and  ponds  at  the  sources,  it  is  probable  that  without  man's  aid  this 
river  would  mainly  rise  from  spring-fed  pools. 

Whilst  the  Wandle  is  fed  by  its  head- springs,  and  does  not  increase  much 
in  bulk  on  its  way  to  the  Thames,  the  Maiden  River,  which  is  scarcely  half 
its  size,  is  joined  by  three  lesser  tributaries  in  its  course,  and  gains  con- 
siderably in  dimensions  as  it  approaches  the  Thames.  For  those  reasons 
the  Wandle  is  far  better  suited  for  this  investigation.  My  observations  on 
the  Maiden  River  were  confined  to  the  main  stream,  and  to  one  of  the 
principal  sources  in  the  midst  of  the  village  of  Ewell.  Of  the  temperatures 
of  the  tributaries  I  learned  nothing,  except  in  so  far  as  they  found  expres- 
sion in  that  of  the  main  stream.  The  series,  however,  plainly  shows  that 
the  Maiden  River  is  able  to  carry  the  cool  waters  of  its  springs  into  the 
Thames.  It  rarely  does  so,  however,  to  any  considerable  extent,  since  by 
the  intervention  of  a  mill  it  expands  into  a  deep  pool  at  its  mouth,  the 
surface  waters  of  which  are  readily  heated.     The  Maiden  River  is  in  fact  a 
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I^ABLE  II. — Tkupbbatubb  or  thx  Maldem  River  (also  knowh  as  the  Kwbll  Biveb 

AND  THE  HoOSMILL),  ON  AVOUBT  30TH,  1 894. 

Average  rate  of  ourrrent  i  foot  in  two  seconds.    Usual  depth  i  to  2  feet.    Average 
width  20  feet.    Hot  sunny  weather.     Air  in  the  shade  51°— 73°. 


Time. 

River. 

LooaUty. 

Distance 

from 
Mouth. 

i 

MUes. 

0 

,  2.15  p.m. 

Ewell  Springs 

Ewell  viUage 

6 

51-5 

»»                  n 

Exit  from  first  pool 

535 

»»                  t» 

Exit  from  second  pool 

5 

57*5 

1  30       „ 

Maiden  River 

Railway  arch 

5 

580 

1 345       n 

It         »» 

Roxley  Farm 

4 

585 

1 4-45      M 

Sarbiton  to  Ewell  road 

590 

,  4-15      .. 

It         II 

Maiden  Church 

3. 

59*3 

'  5-30      .» 

11          II 

Quarter   mile    above     South- Weistern 

I* 

59'8 

6.0 

«i          II 

Railway 
Oil  MiU  Lane,  Kingston 

\ 

606 

6.15             M 

Thames 

Kingston 

646 

much  afflicted  stream  in  this  respect,  even  more  so  than  the  Wandle.  It  is 
to  be  noted  in  mj  observations  that  the  water  gained  6°  in  temperature  by 
passing  through  the  broad  shallow  pools  in  connection  with  the  mills  in  the 
village  of  Ewell.  If  allowed  to  run  free  from  its  springs  to  the  Thames 
this  tributary  would  doubtless  reach  that  river  8°,  instead  of,  as  on  this  oc- 
casion, 4°  cooler  than  the  Thames.  I  have  already  remarked  that  the 
temperature  of  the  head  waters  of  the  Wandle  is  influenced  by  ponds  at  the 
sources. 

(H.)  By  determining  the  distance  from  it»  sources  at  which  the  river  begins 
to  freeze. 

Here  observation  can  be  supplemented  by  the  experience  of  residents  and 
from  the  local  histories.  The  old  county  histories,  whilst  noting  the  inability 
of  the  Wandle  to  freeze  in  the  upper  part  of  its  course,  attribute  it  to  the 
influence  of  the  mills.  Though  the  mills  can  afibrd  no  explanation,  their 
records  may  be  worth  while  examining.  I  have  been  informed  that  the 
Maiden  River,  which  is  stated  never  to  freeze  at  Roxley  Farm  a  mile-and-a- 
half  from  its  sources,  rarely  freezes  at  Maiden,  a  mile-and-a-half  lower 
down,  and  then  only  at  the  edges. 

I  will  conclude  this  paper  with  some  remarks  on  the  thermometer  used  and 
on  the  mode  of  investigation.  The  instrument  I  employed  was  a  bath  ther- 
mometer of  the  Admiralty  pattern,  such  as  is  used  on  board  Her  Majesty^s 
ships  for  sea  temperatures.  It  was  supplied  to  me  by  Messrs.  Negretti  and 
Zambra,  accompanied  by  a  Kew  certificate,  and  in  graduated  to  degrees  on 
the  stem.  Not  every  bath  thermometer  will  stand  the  test  of  an  ordinary 
sunrise  observation  of  the  temperature  of  a  river.  Here  the  instrument 
has  often  to  be  pulled  up  6  or  8  feet  through  air  10°  or  12°  cooler  than 
the  water,  with  perhaps  a  fresh  breeze  blowing.  To  get  a  correct  result 
under  sucb  circumstances,  the  bulb  must  bf)  relatively  small  and  deeply  set 
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and  the  pocket  capacious ;  and  before  finally  selecting  a  thermometer  it 
should  be  put  to  this  test  by  an  experiment  at  home,  instruments  with  large 
bulbs  and  small  shallow  pockets  are  liable  to  fail. 

It  will  be  best,  as  far  as  possible,  to  make  all  the  observations  in  mid- 
stream, and  at  a  depth  of  from- 18  inches  to  2  feet,  though,  as  a  matter  of 
fact,  these  precautions  are  really  necessary  only  in  the  case  of  very  sluggish 
rivers.  It  has  been  established  by  Dr.  Forster  and  the  present  writer  that 
rivers  running  free,  with  a  current,  say  of  a  mile  an  hour,  exhibit  nearly  the 
same  temperature  in  depth  and  breadth.  The  matter  is  more  often  one  of 
access  and  convenience;  and  for  our  own  rivers,  usually,  it  should  be  re- 
marked, of  a  very  sluggish  type,  marginal  observations  are  only  reliable 
when  the  water  is  moving  well  with  the  current.  Slack  waters  in  shallow 
places  heat  up  rapidly,  and  back-waters,  except  where  the  depth  is  considerable, 
should  be  avoided.  In  case  of  doubt,  an  observer  could,  on  a  hot  summer 
day,  readily  find  a  suitable  observing  station  by  the  aid  of  his  thermometer. 
The  time  of  immersion,  which  varies  for  each  instrument,  should  be  ascer- 
tained by  experiment,  some  thermometers  requiring  as  much  as  five  minutes, 
others  as  little  as  two  or  three  minutes.  For  determining  the  daily  range 
the  employment  of  continuously  immersed  maximum  and  minimum  thermo- 
meters would,  in  a  river  like  the  Wandle,  be  impracticable,  except  in  private 
waters.     My  experience  of  them  has  been  very  slight. 


DISCUSSION. 

The  President  (Mr.  R.  Inwards)  said  that  this  paper  was  rather  one  of 
Bucrgestions  for  future  observations  than  a  statement  of  results  of  any  investi^- 
tion  already  completed.  He  thought  that  exceptional  facilities  for  makmg 
observations  of  river  temperatures  with  respect  to  springs  were  afforded  after  a 
long  drought,  as  then  the  flow  would  almost  entirely  consist  of  spring  water. 
The  tem|9eratures  could  be  corrected  by  comparison  with  those  of  pond  water  in 
the  vioimtv. 

Dr.  R.  Barnes  pointed  out  that  the  author  had  omitted  to  state  at  what  depth 
below  the  surface  of  the  water  the  temperatures  were  observed,  as  on  a  hot 
summer  day  the  surface  temperature  of  a  stream  was  commonly  higher  than  that 
at  a  depth  of  8  or  4  feet.  Bain,  especially  heavy  rain,  exercised  an  mfluence  upon 
the  temperature  of  streams  by  causing  a  layer  of  warmer  water  to  accumulate 
on  the  surfBbce.  The  influence  of  snow  must  also  be  noted.  It  was  important, 
too,  that  the  depth  of  the  water  should  be  noted,  shallow  streams  being  subject 
to  greater  fluctuations  of  temperature  than  those  in  which  the  water  was  deep. 

Mr.  G.  Chatterton  thought  that  the  temperatures  given  in  Table  I.  were  of 
very  little  value,  as  considerable  quantities  of  purified  sewage  from  Wimbledon 
and  Croydon  were  discharged  daily  into  the  river  Wandle,  and  this  sewage  being 
at  a  much  higher  temperature  than  the  river  water,  would  quite  mask  the  reu 
temperature  of  the  natural  river. 

Mr.  R.  W.  P.  Birch  said  that  the  paper  put  forward  so  many  views  that  it 
required  careful  perusal  before  discussion,  but  he  thought  idl  that  could  be  said 
at  present  concerning  the  temperature  of  rivers  was  that  it  was  most  equable 
near  the  sprin^irs  which  form  them. 

Mr.  W.  B.  Tripp  remarked  that  it  would  be  interesting  if  observations  of  the 
temperature  of  the  dew  point  were  taken  in  connection  with  the  surface  tempe- 
rature of  rivers.  He  had  noticed  in  hot  climates  that  the  temperature  of  the 
water  was  at  times  below  the  dew  point  temperature. 

Mr.  H.  SouTHALL  said  that  exposed  rocks  in  a  shallow  stream  considerably 
influenced  the  temperature  of  the  water,  as  in  hot  weather  the  rooka  became 
greatly  heated.    The  Biver  Wye,  owing  to  the  influence  of  rooks,  rose  to  a  very 
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high  temperature  in  hot  weather,  and  he  had  known  the  water  to  reach  a  tem- 
perature of  81°.  It  appeared  desirable  to  know  the  character  of  a  river  as 
regarded  its  surroundings  when  considering  the  temperature  of  its  waters. 


NOTE  ON  SOME  EFFECTS  OF  THE  GALE  IN  THE  HIQHUNDS  OF 
SCOTLAND  ON  NOVEMBER  17th  AND  18th,  1898. 

By  EWC  STUART  BRUCE,  M.A.,  F.R.Met.Soc. 


[Received  October  4ih.— Bead  November  21st.  1894.] 

While  spending  my  summer  holidays  in  Perihshirei  I  had  occasion  to 
witness  the  disastrons  effects  of  the  great  gale  of  November  1898  upon  the 
trees  in  some  parts  of  that  county.  The  storm  has  been  fully  chronicled  in 
the  paper  read  before  the  Society  by  Mr.  C.  Harding  on  December  20th, 
1898.^  It  may,  however,  be  of  interest  to  show  some  photographs  descrip- 
tive of  the  destruction  of  trees  in  Perthshire,  especially  in  the  valley  of  the 
Tnmmel,  where  I  believe  the  storm  wreaked  its  greatest  violence.  I  am 
enabled  to  show  these  photographs  by  the  kindness  of  some  of  the  landed 
proprietors  in  the  district  affected,  who  gave  me  facilities  for  obtaining  them. 
Most  of  the  ravages  depicted  in  the  photographs  were  done  on  the  night  of 
November  17th  and  early  morning  of  the  18th.  [These  photographs  were 
shown  to  the  Meeting,  but  are  not  reproduced  here.] 

There  could  be  no  better  example  of  the  violence  of  the  gale  than  the 
immediate  surroundings  of  Lude  House,  Blair  Athole,  the  residence  of  Mr. 
W.  Mclnroy,  once  situated  in  picturesque  woods,  but  now  amidst  a  scene  of 
desolation.  It  is  no  exaggeration  to  say  that  there  is  not  a  single  tree  in  the 
picture  that  is  whole.  Passing  to  another  part  of  the  same  property,  the 
trunk  shown  in  the  photograph  has  been  peculiarly  doubled  up  by  the  wind. 
Some  one  has  well  described  the  gale  as  having  blown  the  trees  to  pieces, 
and  this  is  a  very  true  description  of  its  effects  on  several  trees  which  I  have 
seen,  whose  trunks  are  split  and  shivered  as  if  a  charge  of  dynamite  had 
been  exploded  in  their  midst. 

Dr.  Rankin,  in  his  letter  to  the  Scot$man*  describes  a  curious  incident 
illustrative  of  the  force  of  the  wind.  <*  A  slate  was  carried  80  yards  from 
the  roof  of  a  joiner's  house  with  such  violence  that  it  cut  through  the  stem 
of  a  young  fir  tree  and  fell  at  the  foot  of  it.*' 

The  view  also  shows  the  partly  demolished  roof  of  the  shed.  Other 
photc^praphs,  also  on  the  same  estate,  represent  the  downfall  and  wreckage 
of  several  fine  trees. 

1  Quarterly  Journal^  Vol.  XX.,  p.  43. 
'  iic9tmant  Nov.  22nd  and  25th,  1898. 
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The  beautifal  gronnds  of  the  Athole  Hydropathic  Establishment  at 
Pitlochry  sajQfered  much  from  the  gale.  By  the  kindness  of  Mr.  Macdonald, 
the  proprietor,  I  can  show  some  photographs  taken  the  morning  after  the 
damage  was  done.  1.  The  lawn  tennis  ground,  showing  how  the  tree  with 
the  lawn  tennis  notice  attached  to  it  carried  the  circular  seat  with  it.  2.  A 
whole  row  of  fir  trees  fallen  dJong  the  side  of  a  path.  8.  The  downfall  of 
another  tree  with  its  circular  seat.  4.  Large  fallen  tree.  5.  Mass  of  tree 
debris.  6.  The  effects  of  the  gale  looking  towards  the  steps  on  the  path 
from  the  hydropathic  establishment. 

Many  of  the  trees  blown  down  were  found  lying  in  different  directions, 
thus  pointing  out  that  the  direction  of  the  wind  changed  during  the  violence 
of  the  storm.  Messrs.  Omond  and  Rankin  have  kindly  supplied  me  with  the 
observations  at  the  Ben  Nevis  observatory  as  to  direction,  force,  and  velocity 
of  the  wind  from  6  p.m.  on  November  17th  to  6  p.m.  on  the  18th.  Though 
the  observatory  is  not  very  near  the  district  depicted  in  the  photographs,  and 
the  observations  are  taken  at  a  considerable  elevation,  it  may  be  of  interest 
to  refer  to  them. 

The  figures  indicate  that  the  direction  of  the  wind  was  very  variable  during 
the  early  morning  hours  of  November  18th.  At  1  a.m.  it  was  North-east ;  at 
2  a.m.  North  ;  at  8  a.m.  variable  ;  at  4  a.m.  variable ;  at  5  a.m.  East-south- 
east ;  and  at  6  a.m.  North-east  again.  So  it  is  not  a  matter  of  surprise  that 
trees  were  found  lying  in  different  directions  in  several  parts  of  the  highlands. 
It  is  possible  that  in  some  cases  the  varying  directions  may  have  been  due  to 
the  ''  rebounding"  of  the  wind  from  hill-sides,  as  suggested  by  Dr.  Rankin 
in  his  letter  referred  to  above.  A  change  of  direction  was  also  noticed  in  the 
woods  of  Drumlanrig  after  the  gale  of  January  26th,  1884.  The  Ben  Nevis 
observations  also  show  the  squally  nature  of  the  gale  making  it  impossible  to 
assign  any  one  value  to  the  force.  For  instance,  the  velocity  in  miles  per 
hour  for  9  p.m.  November  17th  is  put  down  as  81  to  85  ;  for  10  p.m.,  89  to 
85  ;  11  p.m.,  21  to  78  ;  for  midnight,  21  to  85. 

It  is  highly  creditable  to  the  enterprise  and  skill  of  Mr.  Macdonald  that 
some  800  of  the  trees  blown  down  on  his  property  have  been  replanted,  and» 
being  temporarily  supported  by  galvanised  wire,  are  now  thriving.  It  is  a 
pity  that  a  similar  course  of  action  was  not  taken  by  some  of  the  other 
landed  proprietors,  especially  in  such  spots  as  the  pass  of  Kiliicrankie.  It 
is  no  exaggeration  to  say  that  during  the  gale  whole  woods  were  swept  away, 
leaving  only  the  carcases  of  trees.  Such  was  the  fate  of  the  wood  at 
Strathgarry,  Kiliicrankie.  (Photograph  shown.)  At  the  celebrated  pass  of 
Kiliicrankie  the  destruction  is  not  so  formidable  as  in  some  other  parts,  but 
still  much  of  the  summer  beauty  of  the  pass  is  now  marred  by  the  ugly  gaps 
in  what  was  before  an  unbroken  mass  of  verdure  (photograph  shown). 

In  looking  at  the  partial  disfiguration  of  this  historic  spot,  I  was  forcibly 
reminded  of  a  similar  catastrophe,  in  the  classic  broad  walk  at  Christ  Church 
College,  Oxford,  some  15  years  ago.  I  obtained  some  photographs  descrip- 
tive of  the  damage  at  the  time,  and,  in  conclusion,  it  may  be  of  interest  to 
show  them  to  the  Meeting.    I  am  unable  to  remember  the  exact  date  of  the 
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storm.  Mr.  Stone,  of  the  Badcliffe  Observatory  at  Oxford,  writes  to  me 
that  he  is  under  the  impression  that  the  date  was  October  14th,  1881,  when 
the  highest  velocity  recorded  was  68  miles,  but  I  have  reason  to  believe  it 
was  an  earlier  date  than  this. 


DISCUSSION. 

Mr.  G.  Harding  said  that  it  would  be  interesting  to  know  in  what  general 
direction  the  trees  lay  on  the  ground.  Judging  bv  the  movements  of  the  depres- 
sion which  occasioned  the  geJe,  he  presimied  that  it  was  the  Northerly  wind 
that  caused  the  most  destruction.  The  greatest  hourly  velpciiy  (96  miles) 
recorded  by  the  anemometer  at  Deemess,  Orkney,  during  this  gale  was  the  highest 
ever  known. 

Mr.  H.  Harries  said  he  had  been  informed  by  a  gentleman  who  had  been 
visiting  the  eastern  districts  of  Scotland  that  the  destruction  of  trees  on  that 
side  was  immense,  but  what  was  locally  observed  as  the  curious  feature  of  the 
event  was  that  the  trees  were  laid  from  the  North-westward,  a  very  unusual 
direction  for  heavy  gales  in  that  district,  being  generally  Southerly  or  South- 
easterly. It  was,  therefore,  thought  that  the  damage  was  due  not  so  much  to 
the  strength  of  the  wind  as  to  the  faict  that  the  trees  were  struck  on  their  weakest 
side.  It  will  be  remembered  that  this  gale,  which  was  at  first  from  the  nonjial 
Southerly  direction,  suddenly  burst  from  the  North-west  quarter  when  the 
centre  of  the  disturbance  began  to  move  Southward  along  the  east  coast  of 
Scotland. 

Mr.  B.  CooKB  remarked  that  he  had  once  observed  a  curious  effect  of  a  gale 
in  a  hop  garden,  no  poles  being  disturbed  round  the  edges  of  the  garden,  while 
in  the  middle  they  were  blown  down  in  all  directions.  This  was  considered  to 
be  due  to  the  undulatory  motion  of  the  gale,  and  may  perhaps  account  for  the 
curious  effect  of  a  storm  in  a  forest,  one  tree  being  taken  and  another  left. 


HISTORY   OF  A   WATERSPOUT. 

By  ALFBED  B.  WOLLASTON. 
(Communicated  by  Bobert  H.  Soott,  F.B.S.) 


[Received  July  12th— Bead  November  2i8t,  1694.] 

Some  years  since  (1840  or  1841),  when  senior  officer  of  the  watch  on 
board  a  large  East  Indiaman  (the  Vansittart),  then  in  the  eastern  part  of 
the  Bay  of  Bengal,  I  noticed  a  peculiar  disturbance  of  the  water,  which  had 
the  appearance  of  being  forced  up  in  innumerable  small  jets,  covering  an 
area  of  fully  400  yards  in  diameter,  through  which  we  were  slowly  passing 
with  a  hght  steady  breeze  only  sufficient  to  give  the  vessel  steerage  way. 
The  sky  was  absolutely  cloudless.  These  jets  rapidly  increased  in  number 
and  force,  throwing  up  vapour,  like  steam,  and  seeming  to  revolve  and  draw 
towards  a  centre.  When  this  action  had  continued  for  a  short  time,  and  a 
dense  column  of  steam  was  rising,  a  small  cloud  became  visible  immediately 
above  ;  its  centre  reaching  downwards,     When  the  two  columns  united  a 
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magnifieent  waterspout  resulted,  rapidly  rotating.  Dense  cloads  rapidly 
overshadowed  us.  Bain  fell  in  torrents.  The  wind  freshened  for  a  short 
time  and  again  fell  light.  In  less  than  half  an  hour  all  symptoms  of  any 
disturbance  had  ceased. 

One  feature  out  of  many  others  was,  that  the  concentrating  jets,  although 
they  had  produced  a  pile  of  foam,  did  not  immediately  develop  into  a  viiibU 
column.  I  venture  the  suggestion  that,  as  with  the  cloud  overhead,  it  was 
only  by  condensation  of  its  circumfluent  vapour  that  it  became  so.  It  was 
never  so  dense  as  to  entirely  obscure  the  horizon  when  viewed  through  a 
telescope.  The  interior  seemed  to  be  rising  infinitely  more  rapidly  than  the 
exterior.  Constant  flashes  of  flame-like  vapour  were  being  violently 
whirled  up. 

I  would  mention  that  I  know  of  one  other  instance  of  the  sea  being  dis- 
turbed in  a  similar  manner  over  a  much  larger  area,  but  the  jets  did  not 
gyrate  and  no  waterspout  resulted. 


DISCUSSION. 

Mr.  R.  J.  Lbory,  in  a  letter  to  Mr.  Soott,  said : — "  Mr.  Wollaston  appears  to 
be  dubious  as  to  the  formation  of  this  grand  phenomenon.  He  suggesta  elec- 
tricity, and  80  far,  doubtless,  he  is  right.  I  may,  however,  explain  my  views  by 
an  examination  of  this  special  case.  The  ship  is,  on  a  fine  clear  morning,  in  the 
eastern  side  of  the  Bay  of  Bengal  (which  in  the  rainy  seaBon  is  perhaps  the 
wettest  part  of  the  globe),  and  with  an  upper  atmosphere  which,  ftom  the  data 
you  have  kindly  sent  me,  must  have  contained  from  eighty  to  ninety  thousand 
tons  of  water,  m  solution,  to  each  cube  mile.  An  isolated  mass  of  this  atmo- 
sphere, many  miles  in  extent,  becomes  electrified  in  a  high  state  of  tension, 
exactly  as  is  the  case  in  one  of  our  common  thunderstorms  (the  cloud  formation 
being  an  after-consideration),  and,  in  the  same  way,  induces  the  contrary  state 
in  surface  of  the  earth  or  sea :  these  two  electric  states  approaching  until  the 
favourable  place  and  time  arrive  for  the  discharge,  when  the  upward  current, 
meeting  with  resistance  firom  the  mobile  sea  surface,  develops  heat  sufficient  to 
cause  the  appearance  of  steam,  which  it  carries  with  it  as  it  ascends  to  join  the 
other  electric  state.  This  latter  descending,  carries  with  it  saturated  atmosphere 
.  sufficient  to  form  the  small  cloud,  which  is  seen  to  meet  the  ascending  current. 
The  junction  is  then  complete,  condensation  speedily  follows,  the  black  cloud  is 
formed,  and  the  descending  electric  current  carries  with  it  a  dense  column  of 
rain,  as  a  waterspout,  confined  to  the  comparatively  small  area  of  the  point  of 
discharge.  The  currents  become  mutually  nullified,  the  actual  column  of  water 
breaks  up,  and  the  discharge  of  rain  becomes  general.  I  alluded  to  our  ordinary 
thunderstorms  being  produced  in  their  early  stages  by  similar  causes  to  the 
above.  When  the  electric  influence  is  in  a  sufficient  state  of  tension,  the  dis- 
charge is  more  acute,  and  when  meeting  resistance  the  heat,  so  instantaneously 
developed,  produces  those  effects  falsely  attributed  to  the  lightning  flash,  which 
itself  is  only  an  after  result.  Whirlwinds  also  are  produced  by  the  same  cause, 
but  the  current  is  of  much  larger  volume,  and  the  mtensity  very  much  reduced. 
The  mode  by  which  these  isolated  masses  of  the  upper  atmosphere  receive  their 
charge  of  electricity  is  a  difficult  subject  to  put  into  simple  form,  but  to  those 
who  have  studied  the  action  of  the  Leyden  jar,  or,  better  still,  the  coated  sheet 
of  glass  (the  same  in  principle),  can  easily  understand  how  the  electricity  of  the 
surfoce  of  the  earth  acts  by  induction  on  the  upper  atmosphere,  producing  the 
opposite  state  of  electrical  influence ;  and  in  this  case  the  earth  may,  for  the 
nonce,  be  considered  as  a  grand  electrical  machine,  and  the  dry  lower  atmosphere 
as  the  intervening  di-electric.'* 

Mr.  B.  H.  Scott  read  the  following  notes  on  Waterspouts  which  had  been 
extracted  from  unpublished  ships'  logs  in  the  possession  of  the  Meteorological 
Office  ;— 
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August  20th,  1855,  Crest  of  the  Wave,  Captain  John  Steele.—At  7  a.m.,  when 
in  lat.  85'''5(y  N.,  long.  19°-42'  E.,  or  188  miles  W.  i  S.  from  Cape  Matapan, 
passed  mider  a  waterspout.  At  6  a.m.  heavy  squall-like  cloud  fbrming 
at  south  east  and  north-west,  a  waterspout  forming  at  east  end  of  South- 
east squall,  and  another  at  west  end  of  North-west  squall,  both  squalls 
closing  upon  the  ship.  Up  to  thin  time  the  weather  had  been  clear,  with 
an  almost  cloudless  sky  and  light  but  steady  wind  from  West- south -west.  All 
studding  sails  had  been  set  during  the  night.  At  6.80  took  in  studding  sails  and 
all  light  sails,  hauled  up  courses,  and  stood  by  topsail  haulyards  and  jib  down  haul. 
Waterspout  now  near  at  hand  direct  ahead,  and  coming  fast  upon  us.  Let  fly  top- 
sail haulyards,  and  had  got  the  jib  about  half  down  when  it  struck  us  on  the  port 
bow,  filling  staysail  and  jib  to  starboard  but  pressing  fore  yard  far  aback.  In 
another  instant  filling  head  yards  and  pressing  main  yard  aback  and  again 
throwing  main  and  mizen  yards  full  and  aback  at  the  same  instant,  whirling 
along  port  side  with  a  violent  gust  and  round  the  stem  with  a  loud  noise,  throw- 
ing water  into  the  stem  windows  as  it  passed.  A  moment  after  there  was  a 
calm,  then  heavy  gusts  succeeded  by  a  heavy  squall  and  much  rain  from  east- 
south-east. 

**  The  waterspout  waved  and  bent  to  the  whirling  wind,  and  in  its  action  was 
like  a  huge  transparent  chimney  in  which  the  water,  *  smoke  like,'  was  curling 
its  way  to  heaven.  I  hskd  time  to  view  it,  and  was  much  stmck  with  the  curling 
vapour  rolling  up  its  glass-like  tube.  I  have  heard  it  stated  that  anybody  pass- 
ing through  a  waterspout  would  burst  it ;  this  one  had  half  its  base  acting  upon 
my  ship,  but  still  remained  perfect  in  form  and  action." 

October  26th,  1865.  Medioay,  Captain  J.  B.  Kennedy,  lat.  6°-18'  N.,  long. 
24°*21'  W. — 9  a.m.  saw  a  strange  circular  motion  of  the  water  close  to  us  ;  it 
was  like  an  eddy  in  a  tide  way,  or  like  the  motion  of  the  water  in  a  whirlwind  ; 
it  was  going  very  slowly  to  the  north,  in  the  teeth  of  a  faint  air  from  the  North- 
ward. When  about  a  quarter  of  a  mile  from  ub  it  turned  into  a  regular  whirl- 
wind. I  could  not  perceive  any  motion  in  the  clouds,  nor  any  sign  of  wind  near 
it.  About  a  quarter  of  an  hour  after  this  the  wind  flew  round  to  the  South- 
south-east  in  a  sharp  squall,  with  heavy  rain.*' 

December  10th,  1858.  Medtoay,  Captain  J.  B.  Kennedy,  lat.  6°-7'  N.,  long. 
85°-40'  E. — Several  waterspouts  about.  They  make  up  on  the  surface  of  the 
water,  like  a  whale  blowing,  and  then  connect  themselves  with  a  cloud  (nimbus) 
above  them,  leaving  a  breaJ^  between  them. 

Mr.  A.  B.  WoLLASTON  remarked  that  Capt.  Steel's  account  referred  to  the 
aiM^ending  motion  of  the  spout,  which  coincides  with  what  he  (Mr.  Wollaston) 
had  noted. 

Capt.  D.  Wii^on-Barrer  said  that  the  best  waterspout  he  ever  witnessed 
most  certainly  descended,  but  he  did  not  wish  to  imply  from  this  that  it  was 
always  so. 

Capt.  A.  S.  Thomson  stated  that  all  the  waterspouts  which  he  had  seen  had 
occurred  with  a  very  cloudy  sky,  and  when  a  large  amount  of  condensation  was 
in  progress.  He  did  not  think  that  electricity  played  any  part  in  the  production 
of  these  phenomena,  but  considered  that  they  were  due  to  rapid  condensation. 
Capt.  Thomson  then  gave  a  description  of  the  various  processes  which,  from 
careful  observation  of  waterspoms  on  many  occasions,  he  thought  it  was  pro- 
bable took  place  when  a  waterspout  was  formed. 
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The  Report  on  Cloud  Nomenclature,  dc^  presented  to  the 
International  Meteorological  Comnfiittee  at  Upsala,  in 
August  1894. 

Bt  ROBERT  H.  SCOTT,  M.A.,  F.R.S., 
Foreign  Secretary. 


[Bead  December  19th,  1894.] 

The  chief  feature  of  the  Upsala  Meeting  was  the  Report  of  the  Com- 
mittee appointed  at  Munich,  to  consider  the  question  of  the  Cloud  Atlas. 

Of  that  Committee  there  were  present  at  Upsala  Prof.  Hildebrandsson, 
Hofrath  Dr.  Hann,  Prof.  Mohn,  Mr.  A.  Lawrence  Rotch,  and  M.  Teisserenc 
de  Bort. 

The  following  Members  of  the  International  Meteorological  Committee 
were  coopted  with  the  Cloud  Committee  for  the  Meeting : — Prof,  von  Bezold, 
of  Berlin,  Director  BiUwiller,  of  Ziirich,  and  Mr.  Davis,  of  Cordoba. 

In  addition  certain  gentlemen  present  at  Upsala  were  invited  to  join  in 
the  discussions,  viz.: — ^Prof.  Broounof,  of  Kieff,  Dr.  Fineman,  and  Dr. 
Hagstrom,  of  Upsala,  Prof.  Riggenbach,  of  Basle,  Prof.  Sprung,  of  Potsdam, 
and  M.  Weilbach,  of  Copenhagen. 

The  following  are  the  Definitions  and  Instructions  as  finally  adopted:  — 

The  classification  adopted  is  as  follows : — 

a.  Separate  or  globular  masses  (most  frequently  seen  in  dry  weather). 

b.  Forms  which  are  widely  extended,  or  completely  cover  the  sky  (in  wet 
weather). 

A.  Uppkb  Clouds,  average  altitude  9,000  m.  (29,628  ft.). 

a.  1.  Cirrus. 

b.  2.  Cirro-stratus. 

B.  Intebmbdiatb  Clouds,  between  8,000  m.  (9,842  ft.)  and  7,000  m. 
(22,966  ft.). 

(8.  Cirro-cumulus. 
**  1 4.  Alto-cumulus, 
b.  5.  Alto-stratus. 

C.  LowEB  Clouds,  between   1,000  ra.  (8,281  ft.)  and  2,000  m.  (6,662  ft.). 

a.  6.  Strato-cumulus. 

b.  7.  Nimbus. 

D.  Clouds  of  diijbnal  ascending  Cubbants. 

8.  Cumulus;  apex  1,800m.  (6,906ft.);  base  1,400m.  < 4,698 ft.) ; 

9.  Cumulo-nimbus;     apex    8,000m.     (9,842    ft.)    to    6,000  m. 

(16,405  ft.);  base  1,400  m.  (4,698  ft.). 

E.  High  Fogs,  under  1,000  m.  (8,281  ft.). 

10.  Stratus. 
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Explanations. 

1.  Cirrus  (Ci.).  Detached  cloudsy  delicate  and  jibrous  looking ,  taling  th$ 
form  of  Jeathen,  generally  of  a  white  colour ,  somotimes  arranged  in  belts 
which  cross  a  portion  of  the  sky  in  **  great  circles,"  and,  by  an  effect  of 
perspective,  converge  towards  one  or  two  opposite  points  of  the  horixon  (the 
Ci.-8.  and  the  Ci-Ou.  often  contribute  to  the  formation  of  these  belts). 

2.  Cirro-stratus  (Ci^S.).  A  thln^  whitiah  ^heet,  at  times  completely 
oovering  the  sky  and  only  giving  it  a  whitish  appearance  (it  is  then  some- 
times called  Cirro-nebnla),  or  at  others  presenting,  more  or  less  distinctly,  a 
formation  like  a  tangled  web.  This  sheet  often  produces  halos  around  the 
Ban  and  moon. 

8.  Cirro-cumulus  (Ci-Cu.).  Small  globular  masses  or  white  flak  «  with  mt 
shadmvSy  or  having  very  dighi  shadows,  arranged  in  groups  and  often  in  lines, 

4.  Alto-cumulus  (A.-Cu.).  L'irgish  globular  nutssjs,  white  or  greyinh, 
partially  shtdvd,  arranged  in  groups  or  lineA,  and  ofUn  s*  cUfSe'y  packed  that 
their  edg  s  appear  confmed.  The  detached  masses  are  genorally  larger  aad 
more  compact  (changing  to  S-Cu.)  at  the  centre  of  the  group ;  at  the  margin 
they  form  into  finer  flakes  (changing  to  Ci-Cu).  They  oft-jn  spread  them- 
selves out  in  lines  in  one  or  two  directions. 

5.  Alto-stratus  (A-S.).  A  thick  sheet  of  a  grey  or  bluish  colour,  showing 
a  brilliant  patch  in  the  neighbourhood  of  the  sun  or  moon,  and  which, 
without  causing  halos,  may  give  rise  to  coronaB.  This  form  goes  through 
all  the  changes  hke  the  Cirro-stratus,  but  by  measurements  made  at  Up£iila, 
its  altitude  is  one-half  less. 

6.  Strato-cumulus.  (8-Cu.).  Lngre  globular  masses  or  rolls  of  dark 
cloudy  frequently  covering  the  whole  shj,  especiaUy  in  winter,  and  occasionally 
giving  it  a  wavy  appearance.  The  layer  of  Strato-cumulus  is  not,  as  a  rale, 
very  thick,  and  patches  of  blue  sky  are  often  visible  through  the  intervening 
spaces.  All  sorts  of  transitions  between  this  form  and  the  Altocumulus  are 
noticeable.  It  may  be  distinguished  from  Nimbus  by  its  globular  or  rolled 
appearance,  and  also  because  it  does  not  bring  rain. 

7.  Nimbus  (N.).  Rain-oloud.  A  thick  l/njer  nf  dark  c*'ouds,  without  shape 
and  with  ragged  edge,  from  which  continued  rain,  or  snow  generally  falls. 
Throogh  the  openings  in  these  clou  is  an  upper  layer  of  Cirro-stratus  or 
Alto-stratus  may  almost  invariably  be  seen.  If  the  layer  of  Nimbus  sepa- 
rates up  into  shreds,  or  if  small  loose  clouds  are  vistbre  floating  at  a 
low  level,  underneath  a  large  Nimbus,  they  may  be  descril)ed  as  Fracto- 
nimbus  (**  Scud  "  of  sailors). 

8.  Cumulus  (Cu.).  Wool-pack  Clouds.  Thick  clouds  of  which  tJie  upper 
surface  is  dome-shaped  and  exhibits  protub^ances  while  the  base  is  horizontal. 
These  cload»  appear  to  be  formed  by  a  diurnal  ascensional  movement  which 
is  almost  always  observable.  When  the  cloud  is  opposite  to  the  si^,  tha 
surfaces  usually  |lresented  to  the  observer  have  a  greater  brilliance  than  the 
margins  of  the  protuberances.  When  the  light  falls  aslant,  the^,e  cloads 
give  deep  shadows ;  when,  on  the  contrary,  these  clouds  are  on  the  same  side 
as  the  son,  they  appear  dark,  with  bright  edges, 

jq^W  SgRlES.— yoi,.  wit  6 
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The  true  Cumulus  has  clear  superior  and  inferior  limits.  It  is  often 
hroken  up  hy  strong  winds,  and  the  detached  portions  undergo  continual 
changes.     Fracto-cumulm, 

9.        CUBfTJLO-NIMBUS     (Ou-N.).         ThE     THUNDEB-CLOUD  ;       SHOWEB-CLOtn). 

Heavy  massM  of  cloudy  rising  in  the  form  of  mountains^  turreU,  or  anvVs, 
generally  having  a  sheet  or  screen  of  fibrous  appearance  above  {^^  false  Cima  "), 
and  underneath,  a  mass  of  cloud  similar  to  Nimbus.  From  the  base  there 
usually  fall  local  showers  of  rain  or  of  snow  (occasionally  hail  or  soft  hail). 
Sometimes  the  upper  edges  have  the  compact  form  of  Cumulus,  forming 
into  massive  peaks  round  which  the  delicate  ''false  Cirrus*'  floats,  and 
sometimes  the  edges  themselves  separate  into  a  fringe  of  filaments  similar 
to  that  of  the  Cirrus  cloud.  This  last  form  is  particularly  common  in  spring 
showers. 

The  front  of  thunder  clouds  of  wide  extent  frequently  presents  the  form 
of  a  large  bow  spread  over  a  portion  of  the  sky  which  is  uniformly  brighter 
in  colour. 

10.  Stbatiis  (S.).  ^  liorizontal  sheet  of  lifted  fog.  When  this  sheet  is 
broken  up  into  irregular  shreds  by  the  wind,  or  by  the  summits  of  moun- 
tains, it  may  be  distinguished  by  the  name  of  Fracto-stratun, 

Instbuctions  fob  obsebvino  Clouds. 

For  each  observation  the  following  points  are  to  be  noted  and  entered  in 
the  register  or  schedule. 

1.  The  kind  nf  cloud  indicated  by  the  initial  letters  of  the  name  of  the 
cloud  (for  greater  precision,  the  number  of  the  plate  in  the  Atlas  which  most 
nearly  resembles  the  form  observed,  might  be  given  [Example  C.  8] .) 

2.  The  direction  from  which  the  clouds  come. 

By  remaining  perfectly  still  for  several  seconds,  the  movement  of  the 
clouds  may  easily  be  observed  in  relation  to  a  steeple  or  pole  erected  in  an 
open  space.  If  the  movement  of  the  cloud  is  very  slow,  the  head  should  be 
steadied  by  using  a  rest.  This  method  of  observing  must  only  be  used  for 
clouds  near  the  zenith,  for  if  they  are  distant  from  it  the  perspective  may 
lead  to  errors.  In  such  cases  the  nephoscope  must  be  used,  and  in  each 
case  the  rnlap  given  for  the  kind  of  instrument  in  use  must  be  followed. 

8. .    7'h«  point  ef  radiation  of  the  upper  clouds. 

These  clouds  often  take  the  form  of  narrow  parallel  lines,  which  by  reason 
of  the  perspective,  appear  to  issue  from  a  given  point  on  the  horizon.  The 
*'  point  of  radiation  "  is  the  name  given  to  the  point  where  these  belts  or 
their  prolongations  meet  the  horizon.  This  point  on  the  horizon  should  be 
indicated  in  the  same  manner  as  the  direction  of  the  wind,  N,  NN£,  etc, 

4.     "  Undulated  clouds.** 

It  often  happens  that  the  clouds  have  the  appearance  of  regular  striae, 
parallel  and  equidistant,  like  waves  on  the  surface  of  the  water.  This  is 
mostly  the  case  with  the  Cirro-cumulus,  Strato  cumulus  (Roll-Cumulus),  etc. 

It  is  important  to  note  the  direction  of  these  striae.      When  two  distinct 
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systems  are  apparent,  as  is  often  seen  in  cloads  separated  into  globular 
masses  by  striae  in  two  directions,  the  directions  of  these  two  systems  should 
be  noted. 

As  far  as  possible  these  observations  should  be  taken  of  strias  near  the 
zenith,  so  as  to  avoid  errors  caused  by  perspective. 

5.  Th$  density  and  situation  of  a  bank  of  Cirrus, 

The  upper  clouds  often  assume  the  form  of  a  tangled  web  or  sheet,  more 
or  less  dense,  which  as  it  appears  above  the  horizon  looks  like  a  thin  bank 
of  a  light  or  greyish  colour.     As  this  form  of  cloud  is  closely  connected 
with  barometrical  depressions,  it  is  necessary  to  observe :  — 
(a.)  The  density. 

0  =  very  thin  and  irregular. 

1  =  thin,  but  regular. 

2  =  fairly  thick. 
8  =  thick. 

4  =  very  thick  and  of  a  dark  colour, 
(b.)  The  direction  in  which  the  sheet  or  bank  appears  thickest. 

6.  Rsmarks, — All  interesting  particulars  should  be  noted,  such  as : — 

i.  During  summer  all  lower  clouds  as  a  rule  assume  special  forms,  re- 
sembling more  or  less  Cumulus.  In  such  cases  an  entry  should  be  made 
in  the  column  for  **  Remarks,'*  Stratus,  or  Nimbus  cumuliformus. 

ii.  It  sometimes  happens  that  a  Cumulus  presents  a  mammilated  lower 
surface.  This  appearance  should  be  noted  under  the  name  of  Mammato- 
cumulus. 

ill.  It  should  always  ba  noted  whether  the  clouds  S33m  to  ba  statioaary 
or  in  very  rapid  motion. 


DISCUSSION, 

Mr.  F.  Gastkr  exhibited  aiid  described  a  number  of  lantern  slides  of  clouds 
which  he  considered  represented  the  various  forms  debcribed  in  the  Keport. 

Capt.  D.  Wilson-Barker  said  he  would  like  to  ask  Mr.  Scott  if  the  lyriroarv 
classification  was  supposed  to  bear  any  relation  to  the  names  of  the  cluuds  which 
followed  after.  Were  the  altitudes  given  for  certain  latitudes,  or  for  all  the  world  V 
He  very  much  doubted  if  there  were  any  clouds  above  the  "  Nimbus."  His  own 
impression  was  that  the  "Nimbus"  cloud  was  one  tliat  ^rew  downwards,  lie 
would  also  suggest  that  the  sun,  moon,  and  stars  were  useful  aids  in  determining 
the  motion  of  clouds.  He  could  not  see  how  the  density  could  very  well  be 
denoted  by  number.  After  a  slight  glance  through  the  Rev.  Clement  Ley's 
monograph  on  the  subject,  he  was  convinced  that  his  classification  was  in  every 
way  superior  to  that  recommended  by  the  International  Committee.  Hn  could 
only  consider  that  this  proposed  nomenclature  was  a  slight  advance  on  that  of 
Luke  Howard.  He  was  very  much  interested  in  the  able  way  in  which  Mr. 
Gaster  fitted  in  the  photographs  to  the  proposed  names,  and  thanked  Mr.  Scott 
for  bringing  the  matter  before  them. 

Hon.  RoLLO  Russell  said  that  he  had  read  the  report  with  great  interest,  but 
was  unable  without  further  examination  to  offer  any  criticism  on  the  classi- 
fication adopted.  The  limiting  altitudes  given  appeared  to  be  stated  rather  pre- 
cisely, and  he  should  like  to  know  whether  they  were  intended  to  represent 
absolute  limits,  or  whether  they  were  the  result  of  an  average  of  a  number  of 
observations.  The  heights  of  alto-cumulus  and  cumulo-nimbus  would  seem  to 
stand  for  average  altitudes,  as  these  clouds  were  freijuently  observed  with  tops 
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Ob  a  much  higher  level  and  with  a  lower  base.  Cirrns  clouds  were  to  be  seen  at 
greater  heights  than  those  usually  given,  and  sometimes  float,  as  balloon  observa- 
tions have  proved,  at  higlier  altitudes  than  aeronauts  have  ever  reached. 

Mr.  M.  Jackson  thought  that  it  would  be  a  useful  arrangement  if  meteoro- 
logists who  were  in  need  of  instruction  in  the  methods  of  cloud  observing,  were 
to  take  excursions  into  the  country  under  tlio  guidance  of  a  competent  cloud 
authority,  for  the  purpose  of  studying  cloud  formations.  He  had  frequently 
noticed  how  greatly  the  clouds  differed  in  various  localities  and  countries.  The 
prevailing  clouds  of  Scotland  were,  in  his  opinion,  quite  distinct  in  form  from 
those  to  be  seen  in  the  Isle  of  Thanet  (where  he  had  resided  for  the  greater  part 
of  his  life),  and  these  latter  were  different  from  such  as  were  common  in  the 
skies  of  Italy.  Buskin  had  stated  that  the  finest  sunset  clouds  visible  in  England 
were  those  to  be  seen  in  the  Isle  of  Thanet ;  and  he  (Mr.  Jackson)  would  like 
to  know  why  the  clouds  common  there  should  differ  so  greatly  from  those  which 
were  to  be  observed  in  Argyllshire,  for  instance.  He  had  watched  clouds  over  the 
Atlantic  before  the  approach  of  a  storm,  and  had  seen  them  assume  most  re- 
markable forms.  It  would  be  interesting  to  have  an  explanation  of  the  variation 
in  the  prevailing  forms  of  clouds  in  different  latitudes. 

Mr.  C.  Harding  said  that  from  his  experience  in  connection  with  the  discus- 
sion of  observations  made  at  sea,  he  was  siire  that  sailors  would  be  grateful  to  the 
International  Committee  for  the  limited  cloud  nomenclature  which  had  been 
adopted,  the  classification  being  only  a  just  and  wise  extension  of  Luke  Howard*s. 
He  was  pleased  that  Mr.  Gaster  favoured  it,  as  he  (Mr.  Harding)  did  not  agree 
with  the  classification  which  Mr.  Gaster  had  himself  suggested  a  short  time 
since.  He  could  not  agree  with  Capt.  Wilson- Barker  that  Mr.  Ley's  nomen- 
clature was  superior  to  that  embodied  in  the  Report  of  the  International  Com- 
mittee ;  and  he  was  sure  that  the  elaborate  classification  suggested  by  Mr.  Ley 
would  not  do  for  ordinary  use,  as  thorc  was  a  great  deal  too  much  to  master  in 
it.  The  members  of  the  International  Cloud  Committee  were  oil  men  of  good 
stajiding  and  thoroughly  competent  to  accomplish  the  object  for  which  the 
Committee  was  formed ;  consequently  their  proposals  were  likely  to  be  readily 
accepted.  Ho  had  compared  the  Committee's  Report  with  the  Clou4  A  tlan  issued 
by  Dr.  K.  Singer  two  or  three  years  ago,  and  had  been  much  surprised  to  see 
how  closely  the  two  agreed. 

Mr.  J.  G.  Wood  thought  that  a  series  of  siicccsHive  pictures  of  cloud  changes 
by  means  of  photography  would  be  most  vahia])Io,  and  a  great  aid  to  the 
succcKsful  study  of  cloud  forms.  There  was  no  more  difficult  subject  to  photo- 
graph than  a  cloud,  and  he  suggested  that  it  was  desirable  that  a  set  of  simple 
rules  should  be  drawn  up  for  the  guidance  of  any  desiring  to  take  up  this  inter- 
esting branch  of  scientific  work. 

Mr.  BiRT  Acres  said  that  his  own  observations  of  clouds  liad  led  him  to  con- 
chide  that  there  were  really  only  two  varieties— clouds  which  were  foi-med  near 
the  earth,  and  those  which  were  produced  at  high  altitudes.  As  a  result  of  the 
experience  he  had  gained  in  cloud  [)hotograpliy,  he  had  found  it  necessary  to 
adopt  two  systems,  one  being  to  cm[)loy  a  Nicol  [)rism,  and  the  other  to  use  a 
black  mirror,  similar  to  that  employe<l  by  Mr.  Claydcn.  For  cirrus  clouds  he 
had  been  obliged  to  use  a  plate  very  sensitive  to  the  less  refrangihle  ravs, 
ordinary  plates  being  practically  insensitive  to  these  rays,  and  often  in  addition 
to  use  a  yellow  screen  as  well  as  the  polarising  apparatus. 

Mr.  R.  H.  Scott  said  that  the  altitudes  stated  in  the  Report  referred  to 
Northern  Europe,  as  the  measurements  upon  which  they  were  based  were  made 
at  Upsala  and  Potsdam.  Regarding  Mr.  JacksonV  remarks  concerning  the 
differences  in  the  cloud  forms  in  different  latitudes,  the  Hon.  R.  Ahercromby 
some  years  ago  read  a  paper  before  the  Society  in  which  he  showed  that  cloud 
forma  were  identical  all  over  the  world.  The  difference  between  the  clouds  in 
the  Highlands  of  Scotland  and  those  in  the  Isle  of  Thanet  was  probably  due  to 
the  great  dissimilarity  in  the  configuiation  of  the  ground  in  these  two  districts, 
Scotland  being  hilly,  and  Thanet  flat,  so  that  in  the  latter  locality  a  better 
horizon  was  secured,  and  the  conditions  were  more  favourable  for  watching  the 
progress  of  clouds.  Mr.  Scott  also  stated  that  the  selection  of  typical  pictures 
tor  the  CVottrf  ^ //«»  was  carried  out  in  as  unbiassed  a  manner  as  possible,  all 
names  and  marks  of  identification  being  removed  from  the  photographs  sub- 
mitted for  inspection  bv  the  Committee  ;  and  h««  stated  his  readiness  to  represent 
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^  ?'■•  ^*^''®^*'*"^^»0"  ^^e  wiah  of  the  Meeting  that  some  explanation  of  the 
methods  of  measurement  should  be  introduced  into  the  preface  to  the  forthcominc 
Cloud  Atlas.  ^ 
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MojANGA  is  situated  on  the  north-wost  of  Madagascar,  on  tho  coast  of 
Betsiboka  Bay,  in  latitude  15°  48'  0"  8,  and  longitude  46°  19'  15"  E. 
Although  the  period  over  which  these  observations  extend  is  but  short,  it 
has  been  thought  tho  results  obtained  would  be  of  interest  in  view  of  the 
scanty  information  wo  possess  for  the  island. 

The  meteorological  station  is  about  1  niilo  from  tho  town,  and  stands  on 
a  plain  186  feet  above  the  sea  level.  From  south-east  to  south  there  is  a 
view  of  Betsiboka  Bay,  and  from  south-west  to  north-west  tho  open  sea  is 
visible. 

The  station  itself  is  a  piece  of  land  about  100  yards  long  and  70  yards 
broad,  given  to  me  for  tho  purpose  by  the  Malagasy  Governor.  The  expo- 
sure of  the  instruments  is  very  good,  there  being  no  buildings  to  affect  the 
readings,  and  but  few  trees  near,  and  those  but  small.  From  the  observatory 
plain  the  ground  gradually  slopes  away.  At  6  miles  due  north  are  the  hills 
of  Pajony,  about  400  feet  high. 

The  barometer  is  by  Adie,  and  has  an  error  of  '005  in. ;  its  cistern  is  140 
feet  above  mean  sea  level.  All  the  thermometers  have  been  verified  at  Kew, 
and  corrections  have  been  applied  for  any  errors.  The  rain  gauge  is  by 
Casella;  it  is  8  inches  in  diameter,  and  its  rim  is  1  foot  above  the  surface 
of  the  ground. 

The  observations  wore  taken  daily  at  II  a.m.  and  5  p.m.  The  dry  and 
wet  bulb  thermometers  by  Messrs.  Nogretti  &  Zambra,  and  the  maximum 
and  minimum  self-rogistoring  thurmouiotors  by  Casella,  are  exposed  in  a 
screen  under  a  shed  which  is  open  all  round,  is  4  feet  from  the  ground,  aud 
has  a  ventilator.  Tho  values  of  the  dew  point,  humidity,  and  vapour  tension 
have  been  computed  by  Glaisher's  Hyirometrical  Tables. 

All  the  instruments  have  been  supplied  by  tho  Meteorological  Council. 
The  solar  radiaticm  thermometer  only  arrived  in  September,  and  unfortu- 
nately  the    terrestrial   miuimum  was  damaged    in    transit,   and   had  to  be 
returned,  but  for  tlie  year  ibUA  the  followmg  instruments  have  boon  add^d 
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to  those  already  in  use : — Cup  and  dial  anemometer,  by  Casella  ;  terrestrial 
mioimam  radiation  thermometer,  by  Casella ;  two  earth  thermometers,  for 
depths  of  18  inches  and  42  inches,  by  Troaghton  and  Simms. 

The  observations  began  in  April,  1892,  and  the  accompanying  tables  are 
for  the  two  years  April,  1892,  to  March,  1894.  The  obsei^ations  are  still 
being  continued. 

Pressure, — The  average  pressure  for  the  whole  period  was  at  11  a.m. 
80*039  ins.,  and  at  5  p.m.  29*965  ins. ;  and  the  mean  range  between  the 
two  observing  hours  was  therefore  *074  in.  The  highest  mean  pressure  in 
any  month  (taking  the  mean  of  11  a.m.  and  5  p.m.)  was  30*155  ins.  In 
August,  1893 ;  the  lowest  29^842  ins.  in  January,  1893. 

The  highest  absolute  reading  of  the  barometer  was  30*265  ins.  on  July 
19th,  1892,  at  11  a.m.,  and  the  lowest  reading  was  29*689  ins.  on  January^ 
23rd,  1R93,  at  5  p.m.  Six  days  later,  namely  on  the  29th,  there  was  a 
strong  gale  from  North-west,  when  the  wind  reached  force  9,  but  the  lowest 
pressure  recorded  during  the  gale  was  only  29*738  ins.  -        ; 

Temperature, — The  mean  temperature  (mean  of  maximum  and  minimum) 
was  80°*2  in  1892-3,  and  79°-l  in  1893-4,  and  for  the  two' years  79°'7. 
The  mean  maxima  ranged   from  91°* 4  in  April,  1892,  to   84°* 5   in   July,  ' 

1893,  and  the  mean  minima  varied  between  64^*9  in  July,  1893,  and 
75°*1  in  March,  1894.  The  absolute  extremes  were  98°*8  in  November, 
1892,  and  60^*0  in  January,  1893,  a  range  of  88''*8. 

In  every  month  during  the  period  except  two  (June  and  July  1893)  the 
maximum  temperature  exceeded  90^^,  while  in  eight  months  the  minimum  did 
not  fall  below  70°. 

The  coldest  month  appears  to  have  been  July  1893,  with  74°*7  ;  while 
April  1892  was  the  hottest,  with  a  temperature  of  82°*9. 

The  depression  of  the  wet-bulb  was,  as  might  be  expected,  large,  the  means 
ranging  from  19^*1  at  11  a.m.  in  September  1892  to  5°'d  at  5  p.m.  in 
January  1894,  the  means  being  in  1892-3  10°*6,  and  in  1893-4  10°*7.  The 
highest  individual  difference  reported  was  24^*0  at  11  a.m.  on  October  23rd, 
1892.  "    .,; 

Hygranietry,^  Augasi  and  September  are  the  driest  months,  with  a  vapour 
tension  of  from  *400  in.  to  *500  in.  and  a  relative  humidity  of  as  low  as  84 
per  cent. 

The  mean  difference  in  the  vapour  pressure  at  11  a.m.  compared  with  that 
at  5  p.m.  is  *067  in.,  the  value  at  5  p.m.  being  higher  by  that  amount ;  while- 
the  -humidity  is  nearly  10  per  cent,  greater  in  the  afternoon  than  in  the 
middle  of  the  day. 

Solar  Radiation, — ^Observations  of  the  solar  radiation  were  taken  from 
September  1893  with  a  black  bulb  maximum  in  vacuo ^  and  for  the  sey^-:  ::^ 
months  till  March  1894  the  results  show  monthly  means  vdfying  from> 
162°"4  in  January  to  157"*0  in  February,  with  an  absolute  maximum  of 
llT-i  on  February  7th. 

A  grass  minimum  was  obtained  and  observations  begun  on  January  10th, 

1894.  In  the  period  of  nearly  three  months  the  lowest  temperature  observed 
was  70''*0,  on  March  12th. 
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Results  of  Obskrtations  made  at  Mojahov.  Madagascar. 
Long.  46^  19'  15''  E.  Lat.  15°  43'  o"  S.     Heij^ht  above  Mean  Sea  Level  134  feet. 
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Uinnfalh — The  rainy  season  extends  from  Oc*;ol)er  to  April,  with  a  very 
striking  decrease  in  amount  fo  February.  The  average  tottvi  full  for  the 
year  is  54 '59  ina.,  the  monthly  falls  ranging  from  nil  to  20'G4  ins.  in  January 
1898.  May  to  September  are  dry  months,  and  the  three  months  June  to 
August  are  practically  rainless.  Some  heavy  daily  falls  of  rain  arc  reported, 
the  maximum  being  5*43  ins.  in  January  1894,  with  two  others  of  Ui)wards 
of  4  inches. 

Puring  the  two  years  there  were  8G  days  ii^  wbiQl)  the  rainfall  c:;;cocd9il 
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ono  inch,  on  17  of  which  the  fall  was  2  ins.  and  upwards  :  the  number  of 
rainy  days  was,  however,  in  no  case  excessive.  Even  in  the  wettest  months 
the  days  of  rain  did  not  exceed  18,  while  for  the  rainy  season  (October  to 
April)  the  average  in  each  of  the  two  years  was  10  per  month. 

Clou(/. — The  clru  liness  followed  the  rainfall,  being  greatest  in  January, 
the  month  of  the  greatest  rainfall,  and  low  from  May  to  September,  the  dry 
months.  On  the  average  of  all  months,  5  p.m.  was  slightly  more  cloudy 
Q^m  11  a.m.  I  and  this  was  invariably  the  case  in  the  dry  season.     The  4a}8 
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of  clear  sky  were  nomerons  from  April  to  November,  but  in  December, 
January,  and  February,  the  sky  was  frequently  overcast. 

No  hail  was  observed  in  the  period  under  review,  and  there  were  but  two 
cases  of  gale.  Thunderstorms  were  common  in  the  rainy  season,  the  average 
number  of  days  of  thunderstorm  from  December  to  April  being  as  high  as 
15.  The  highest  number  in  any  month  was  21  in  December,  1892.  In 
two  months,  December  1892  and  March  1894,  sheet  lightning  was  seen  on 
as  many  as  27  days. 

Wind. — The  wind  summaries  show  that  the  prevalent  direction  during  the 
rainy  season  was  North-westerly,  while  in  the  dry  season  (May  to  September) 
the  wind  was  commonly  between  South  and  East.  In  41  instances  during  the 
two  years  the  wind  was  reported  calm. 

Antananarivo. 

Observations  have  been  regularly  taken  for  several  years  past  at  the 
London  Missionary  Society's  College  at  Antananarivo,  and  it  may  be  inter- 
esting to  note  the  difference  between  the  resulte  for  the  capital  and  those  for 
Mojanga.     The  College  is  situated  4,700  feet  above  sea  level. 

The  observations  for  1894  are  not  yet  available^  but  for  the  21  months, 
April,  1882,  to  December,  1898,  the  comparative  results  are  as  follow  : — 


Moianm 

Temperatore. 

Means. 

Absolate. 

1 

MinitxiQni. 

Maximum. 

SftiD  ixniuxi. 

Mazimom.' 

70*8      1       88*0 

60*0 

98-8 

AotanaDanvo    

52-9 

68-1 

40*0 

86-5 

The  rainfall-measuring  glass  was  stolen  in  August,  1892,  and  was  not 
replaced  till  January,  1898.  The  rainfall  values  therefore  are  only  available 
for  the  purposes  of  comparison  for  the  period  April  to  July,  1892,  and 
January  to  December,  1898.     For  this  16  months  the  results  are  : — 


Rainfall  for  16  months 

Moiailfla    

Total. 

H^ftyifWHin  - 

No.  of 
Bainy 
Days. 

Days  with 
I  inch  and 

in. 
6562 
59-13 

in. 

4-64 
470 

7f 
X08 

23 

2Z 

Antananarivo  

These  notes  have  been  entirely  drawn  up  by  Mr.  J.  A.  Curtis,  of  the  Meteo- 
rological Office. 

It  will  no  doubt  be  interesting  to  append  a  summary  of  the  observations 
taken  at  the  College,  extracted  from  The  Antananarivo  Annual,  For  the  years 
prior  to  1887  the  annual  quantities  of  rain  are  ail  that  are  given;  with  that 
year  the  publication  of  monthly  totals  of  rain*  as  well  as  of  extreme  tern* 
peratureSf  was  commenced,. 
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Maxihtm  and  MnmnTM  Temperatures  at  Amtanamariyo,  Madaoascah. 


Yearly  Rainfall. 

I88I. 
42x2 

1882. 

4i'o8 

1883.        1884. 
57-65        68-86 

1885. 
52-19 

1886. 
47-a8 

Monthly  Rainfall  at  Antananabito. 


Month. 

1887. 

1888. 

1889. 

1890. 

X891. 

1892. 

1893- 

Means 
1887-X893. 

in. 

in. 

in. 

in. 

in. 

io. 

in. 

in. 

Jaaaary        

17-56 

9-56 

11-26 

7-04 

3*35 

16-31 

xi-67 

10*96 

February      

14-28 

673 

11-98 

7*55 

8-11 

10-89 

11-30 

10- It 

March          

9-87 

9-62 

6-32 

4-14 

II-IO 

109 

587 

6-86 

AprU 

•43 

307 

1-87 

6-15 

•94 

1-79 

3-41 

252 

May 

2-12 

*02 

•04 

•08 

•10 

2-38 

-68 

Jane 

... 

•15 

i-ii 

•51 

•06 

•19 

•42 

•35 

July 

•43 

-05 

•13 

•12 

•X2 

•03 

•35 

•x8 

Aagust          

•52 

•19 

-27 

•10 

•06 

•46 

•03 

23 

September    .;. 

2-43 

1-64 

•46 

•07 

•»5 

•17 

•03 

•71 

October         

2*34 

2-17 

•39 

4-90 

xo-84 

2-21 

1-97 

3*55 

November     

7-05 

10-57 

4-^5 

7*43 

•83 

2-96 

•60 

4-81 

7*95 

7-28 

X171 

14-67 

675 

11-07 

X8-98 

IX-20 

Year    

64-98 

5105    4975 

5272 

42-39 

47-«7 

57-01 

52-17 
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FLOODS  IN  THE  WEST  MIDLANDS. 

By  henry  SOUTHALL,  F.R.Met.Soc. 


[Received  December  13th.— Bead  December  19th,  1894.] 

Tbb  great  interest  now  taken  in  the  subject  of  river  floods,  no  doubt 
increased  of  late  by  published  accounts  of  circumstances  attending  the  recent 
remarkable  overflow  of  the  Thames  and  other  rivers  in  November  last,  may 
furnish  some  reason  for  placing  on  record  the  result  of  observations  extend- 
ing over  a  considerable  number  of  years. 

Since  the  subject  of  "  Floods  on  the  Thames  '*  is  likely  to  be  dealt  with 
at  an  early  date  by  Messrs.  Symons  and  Chatterton,  the  present  paper  will 
refer  almost  exclusively  to  those  of  the  rivers  Severn,  Wye,  and  Usk,  with 
some  additional  reference  to  the  floods  at  Bath,  caused  by  the  Wiltshire 
Avon. 

The  term  **  West  Midlands  "  may  be  considered  to  mean  Herefordshire 
and  the  acyoining  English  and  Welsh  counties. 

One  other  preliminary  remark.  When  I  offered  at  the  last  Council  Meeting 
to  give  some  information,  partly  from  my  own  observation,  and  partly  what 
I  may  have  gained  from  other  sources,  it  did  not  at  the  time  occur  to  me 
that  the  interesting  paper^  read  by  Messrs.  Marriott  aud  Gaster  on  the  Floods 
of  May  1886  had  already  given  many  particulars  and  facts  relating  to  our 
Western  inundations,  which  I  had  the  pleasure  of  famishiug.  I  shall  there- 
fore endeavour  to  avoid  needless  repetition. 

The  accompanying  map  gives  some  idea  of  the  geographical  features  and 
boun<]aries  of  the  districts  referred  to,  and  has  been  copied  from  the  Ordnance 
Survey  Map  of  the  Rivers  in  Kntjland  and  Wales, 

The  following  table  gives  the  area  in  square  miles  of  the  several  basins, 
the  length  of  their  main  streams,  and  also  that  of  their  principal  tributaries. 
For  comparison,  similar  details  are  furnished  for  the  Thames,  Trent,  and 
the  Yorkshire  and  Bedfordshire  Ouscs,  which  are  the  only  other  rivers  in 
England  as  large  as  the  Wye. 

It  must  be  borne  in  mind  that  the  different  rivers  vary  very  much  in  iheir 
characteristics,  and  that  the  amount  of  water  discharged  in  proportion  to  the 
distance  traversed,  or  the  area  drained,  is  much  greater  in  some  than  others, 
especially  in  time  of  flood.  This,  no  doubt,  depends  mainly  upon  the 
quantity  of  rain  falling  in  each  district ;  but  the  conformation  of  the  ground, 
and  the  receptivity  of  the  soil,  are  also  important  factors.  Even  if  we  can 
ascertain,  with  a  good  degree  of  precision,  the  amount  of  deposit  in  the 
shape  of  rain  or  snow  upon  a  certuin  area  per  square  mile,  it  is  surely 
exceedir^^ly  difiicult  to  say  how  much  of  this  finds  its  wjiy  into  the  rivers. 
Th«'.  previous  state  of  the  ground,  as  regards  saturation,   will  affect  the 

1  QuarUrhj  Juurnul,  Vol.  XH.  p.  209. 


Digitized  by 


Google 


SOVTHALL — FLOODS  IN  THE  WEST  MIDLANDS. 


COMPABATIYB  TaBLB  SHOWINO  ABBA  DBAINBD  BY  THE   BlYBBB  MAMBD,  WITH  THBIB    LKNOTH8 

IN  MILES. 


River. 

Catchment 

Basin,  Area 

Sq.  Miles. 

.2  » 

^'- 

541 

446 
386 
178 
258 
182 

29 

Principal  Tribntarics, 
with  lengths  of  each. 

Tbaroes      

4,613 

4.350 
4,0^2 
2,607 
1,842 
1,609 

891 

540 

III 

158 
147 

H3 
65 
135 

62 

65 

886 

Lea,  50;  Kennot,  45;  Cherwell, 

40 
Avon,  85;  Teme,  64 
Derwent,  54 ;  Meden,  42 
Rranden,  38 ;  Cam,  30 
Swale,  64  ;  Ure,  $4  ;  Nidd,  47 
Lug,  40 ;  Ithon,  29  ;  Arrow,  26 ; 

Irven,  21 

None  of  any  consequence 

I 

Seyem    

Trent     

Ouse  (Bedfordshire)    . . . 

„    (Yorkshire) 

Wye  (Herefordshire)  .... 

Avon  (Wiltshire) 

Usk 

'  2,020 

Total    

20,504 

River  Basins  of  the  West  Midlands. 


amount  of  percolation  into  it ;  evaporation  at^  the  same  time  varying  with 
different  conditions  of  wind,  dr3mess  of  the  air,  and  temperature.  Of  course 
it  is  easy  to  compute,  approximately,  the  volume  of  water  carried  down  by  t^ 
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river  in  flood,  at  any  particular  point  or  bridge,  where  the  width  of  the 
river,  the  depth  of  the  stream,  and  the  speed  of  the  current  is  known ;  but 
it  is  not  so  easy  to  ascertain  how  much  of  the  total  rainfall  will  at  any  time 
descend  along  the  watercourse.  A  comparison  of  the  different  drainage 
areas  tabled  will  show  that  the  Severn  stands  midway  in  extent  between  the 
Thames  and  Trent,  and  that  the  Yorkshire  Ouse  is  slightly  greater  than  the 
Wye  ;  while  there  is  not  much  difference  in  the  length  in  miles  of  the  main 
streams  of  the  Severn,  Wye,  and  Trent — ^that  is,  excluding  tidal  portions 
of  each. 

The  rivers  Severn  and  Wye,  rising  within  a  very  short  distance  of  each 
other  in  the  Welsh  Mountains,  near  the  summit  of  Plinlimmon,  where  the 
rainfall  is  probably  double  that  of  the  districts  where  the  Thames,  Trent,  or 
Ouse  have  their  sources,  are  consequently  subject  to  higher,  if  not  more  fre- 
quent, floods ;  and  in  proportion  to  their  drainage  area  a  rela^ely  greater 
amount  of  water  flows  down  them  than  is  the  case  of  the  more  eastern  rivers 
above  named.  Probably  the  catchment  basin  of  the  Wye,  acre  for  acre, 
receives  more  water  than  even  that  of  the  Severn  ;  for  the  latter,  taking  a 
more  easterly  [course  than  the  Wye,  gets  away  from  the  influence  of  the 
mountains  sooner.  The  Wye,  on  the  other  hand,  flowing  southward  at  first, 
taps  some  very  wet  districts  in  its  upper  reaches  in  Radnorshire  and  Breck- 
nockshire ;  including  the  one  from  which  the  Birmingham  Corporation  have 
elected  to  obtain  their  new  water  supply.  The  Black  Mountains  also,  with 
an  extent  equallmg  that  of  a  small  county,  and  having  a  maximum  elevation 
of  2,660  feet,  drain  both  on  their  northern  and  eastern  watersheds  into  the 
Wye.  In  addition  to  this,  an  extensive  plateau  of  somewhat  less  elevation, 
called  Radnor  Forest  (2,166  feet),  drains  into  the  Lug  and  Arrow,  two 
important  tributaries  which  join  the  Wye  just  below  Hereford.  Further  in 
the  case  of  the  Wye,  the  distance  from  source  to  sea  is  only  about  two-thirds 
that  of  the  Severn ;  consequently  the  fall  per  mile  is  greater,  and  the  current 
more  rapid.  For  the  first  60  miles  the  bed  of  the  Wye  is  also  very  rocky. 
These  may  appear  to  be  mere  geographical  details,  but  they  to  some  extent 
explain  differences  in  the  conduct  of  tlie  two  rivers. 

And  now,  before  dealing  specially  with  the  flood  of  November  last  it  may  be 
well  to  state  the  authority  for  doing  so,  and  also  the  mode  of  obtaining  informa- 
tion. This  is  derived  principally  from  personal  observations  made  at  various 
times  from  the  year  1886  to  the  present  date  1894.  I  have  visited  most  of  the 
known  sites  where  flood  marks  or  gauges  exist,  some  of  them  repeatedly. 
And  in  this  connection,  may  I  be  allowed  to  express  the  wish  that  more  care 
may  be  taken  in  the  future  than  has  sometimes  been  exercised  in  the  past,  as 
to  the  choice  of  place  on  which  to  fix  such  gauges  or  indicators.  First  of 
all,  I  would  recommend  that  they  should  not  be  just  where  the  greatest  rush 
of  the  water  is,  otherwise  it  will  be  difficult  to  ascertain  the  exact  height  of 
the  level  reached  ;  the  splash  often  reaching  quite  a  foot  above  that  mark. 
And,  secondly,  that  it  is  important  that  the  record  should  be  as  permanent 
as  possible.  In  many  cases  flood  marks  are  made  by  notches  on  door-posts, 
trunks  of  trees,  &c. ;  and  in  other  cases  roughly  painted  or  chalked  on  a 


Digitized  by 


Google 


SOUTHALL — PUK>DS  IN  THE  WEST  MIDLANDS.  81 

wall,  with  the  result  that  they  quickly  become  illegible.  The  brass  plates  let 
iuto  the  Cathedral  steps  at  Worcester  are  models  iu  this  respect,  those 
recording  the  height  of  the  great  floods  in  1672  and  1770  being  as  clearly 
distinct  as  the  day  they  were  placed  there. 

It  is  also  important,  if  possible,  to  have  records  of  successive  floods  in 
closely  adjoining  places  for  sake  of  comparison — thus,  for  instance,  at 
Worcester  the  mark  of  the  great  flood  of  1796  is  out  of  sight  of,  and  a  long 
way  from  the  others  just  mentioned.  At  Hereford  some  are  above  and  some 
below  Wye  Bridge,  and  quite  out  of  sight  of  each  other.  In  very  high 
floods,  by  observing  both,  a  comparison  may  be  made,  but  at  other  times  it 
is  not  possible  to  do  so  except  by  levelling.  Very  few  flood  marks  are  to  be 
found  in  the  higher  parts  of  rivers,  presumably  because  the  flood  does  not 
rise  so  high,  and  soon  runs  off. 

At  Gloucester  some  interesting  ones  have  within  a  few  years  been  destroyed 
and  removed.  People  seem  very  slow  to  learn  the  real  practical  utility  of 
preserving  them,  and  in  this  respect,  we  are  far  behind  some  continental 
countries. 

At  Ross  a  rope  maker,  whose  '*  rope  walk  *'  was  likely  to  be  flooded, 
marked  accurately  the  height  attained  by  the  extraordinary  flood  of  1796, 
and  also  of  many  subsequent  ones.  He  gave  me  before  his  death,  at  the  age 
of  98,  many  of  his  recollections  and  experiences.  Another  intelligent  boat- 
man, who  lived  to  a  good  age  at  Monmouth,  could  point  to  a  stone  in  the 
bridge  reached  by  the  flood  of  1809,  the  highest  in  his  recollection.  But 
such  instances  of  thoughtful  and  accurate  register  are  not  frequent.  On  the 
lower  side  of  Wilton  Bridge,  near  Ross,  there  are  several  old  flood  marks, 
but  many  are  now  illegible.  Those,  however,  with  RH  78,  BH  1796,  cut 
into  the  stone  are  still  decipherable.  At  Goalbrookdale  there  are  quite  a 
number  of  flood  records  on  the  gates  of  the  old  warehouse  by  the  Severn 
side,  which  seem  to  be  fairly  accurate. 

On  the  river  Teme,  we  are  greatly  indebted  to  the  late  Mr.  Davis,  of 
Orleton,  for  his  observations  of  rainfall  since  1881,  with  the  amounts  regis- 
tered on  the  few  days  previous  to  most  of  the  principal  floods  for  a  consider- 
able length  of  time,  and  also  for  the  information  collected  by  him  as  to  those 
of  1770,  1796,  1809,  1821,  Ac. 

I  have  also  carefully  searched  the  files  of  old  county  newspapers,  speciaUy 
those  printed  in  the  county  towns  of  Shrewsbury,  Hereford,  Worcester,  and 
Gloucester.  It  is  not  always  that  the  accounts  given  in  tliese  papers  con- 
tain sufficiently  definite  information  to  be  of  any  value  ;  such  expressions  as 
^*  greatest  in  living  memory,"  "  highest  ever  known,"  being  sometimes  used 
only  a  few  years  after  a  much  greater  flood.  As  a  matter  of  fact,  few 
persons*  memories  are  to  be  trusted  either  as  to  height,  or  exact  dates,  the 
latter  often  being  at  least  one  year  wrong.  But  where  it  is  stated  that  the 
flood  reached  to  within  so  many  inches  of  another,  some  evidence  is  afforded 
of  careful  noting  and  accuracy.  Many  interesting  particulars,  however,  are 
in  my  possession  of  incidents  occurring  in  these  floods,  such  as  the  de- 
struction of  bridges  (a  great  many  having  been  carried  away  in  1796,)  the 
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stoppage  of  high  roads  and  consequent  delay  of  traffic,  and  also  exciting 
accounts  of  drownings,  loss  of  cattle,  &c.  The  following  from  the  Harford 
Jmn-nal  of  1770  is  amusing.  In  reference  to  the  overturning  of  the  London 
stage  waggon  near  Ross  (coaches  did  not  commence  running  till  1774),  the 
quaint  chronicler  of  that  date  says  :  **  It  is  pleasant  to  reflect  that  the 
passengers  were  all  got  out  hcfore  the  accident  happened." 

Floods  at  Ross. 
In .  reference  to  floods  at  Ross,  I  have  found  it  convenient  to  sort  them 
roughly  into  three  classes  : — 
Primary  or  highest,  all  that  are  14  ft.  6  ins.  and  more  ahove  summer  level. 
Secondary,  those  with  a  height  of  12  ft.  to  14  ft.  6  ins.  ,,         „  „ 

Tertiary  „  „         10  ft.  to  12  ft.  „         „ 

Of  these,  none  of  the  first  have  happened  since  November  12th,  1862, 
tlie  previous  instances  of  primary  floods  having  been  tlie  following  :~-^ 
1770— November  16th  to  18th.  1881-  February  10th. 

1795— February  11th  to  12th.  1862— February  8th. 

1809— January  27th.  1862^November  12th 

1824— November  24th. 
Very  high  floods,  however,  occurred  on  the  Lug  and  Teme  on  the  follow- 
ing dates  : — 

1815— Date  not  given.  188C— November  30th. 

1821— September  9th.  1889— July  81st. 

The  two  last  were  of  the  highest  class,  but  I  find  no  record  of  them  on 
the  Wye.     That  of  1839  was  very  high  on  the  Severn. 

In  reference  to  these  highest  floods,  it  may  be  noticed  that  they  ail 
occurred  in  November  or  February,  except  that  of  1809,  which  was  at  the 
close  of  January .  It  would  also  appear  that  very  high  floods  are  not  nearly 
so  frequent  as  in  former  years,  particularly  on  the  Wye.  The  reason  for 
this  may  be,  that  with  better  drainage  the  flood  in  the  lower  reaches  of  the 
river  is  carried  off  before  the  upper  flood  arrives,  and  more  quickly  than 
formerly.  Railway  embankments  and  additional  bridges  are  supposed  by 
some  to  **  keep  back  "  the  water.  At  any  rate,  we  can  scarcely  attribute 
the  decrease  to  diminished  rainfall. 

These  floods  seem  to  be  due  to  at  least  three  difierent  causes.  Firstly,  to 
an  atmospheric  condition  which  seldom  exists  except  in  the  period  November 
to  March  inclusive.  A  strong  South-westerly  to  Westerly  gale — an  extra 
violent  one  is  said  by  the  boatmen  to  *'over  blow"  the  hills,  and  an  Easterly 
or  Southerly  one  does  not  produce  much  effect  on  the  river — a  great  rise  of 
temperature,  rapidly  melting  accumulated  snow,  whilst  at  the  same  tim» 
heavily-charged  clouds,  fresh  from  the  Atlantic,  driven  against  the  cold 
mountain  slopes,  precipitate  their  moisture  in  the  shape  of  very  heavy  rain. 
In  the  case  also  of  the  break  up  of  a  long  severe  frost,  the  masses  of  ice 
brought  down  with  the  flood,  and  choking  or  blocking  up  the  arches  of  these 
l>rid^es.    Wh^n  these  condjtiops  are  combined^  as  ip  1796,  there  occurs  f( 
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mazimnm  flood.  In  1814,  when  the  memorable  frost  temporarily  gave  way 
in  the  beginning  of  Febmary,  the  flood  did  not  rise  so  high  as  in  1795  by 
abont  8  feet,  because  the  rise  of  temperature  was  not  great  enough  to  pro- 
duce the  same  effect.  Somewhat  similar  cases  to  1795  occurred  in  February 
1881  and  February  1852,  as  well  as  in  January  1809  ;  whereas  1814  may 
be  paralleled  in  1888,  1855,  1878,  1879,  1881,  and  1891,  in  each  of  which 
cases  the  Wye  was  firmly  frozen  aU  across,  which  is  a  very  exceptional 
circumstance  in  so  rapid  a  river. 

Another  condition  also  illustrated  by  the  examples  given  of  primary  floods 
is  one  which  often  occurs  in  November,  and  that  is  the  continuance  of  rains 
both  in  the  mountain  and  lowland  districts,  till  the  soil  becomes  completely 
saturated.  After  this,  three  or  four  days*  heavy  rain  will  produce  a  great 
flood.  Those  in  November  1770,  1824,  1886,  1852,  and  1875  are  typical 
instances,  all  of  these  having  occurred  about  the  middle  of  the  month. 

The  third  and  last  condition  is  that  of  heavy  thunderstorms  or  cloudbursts, 
or  the  occurrence  of  very  heavy  partial  or  local  rains.  These  are  the  cause 
of  most  of  our  summer  floods.  In  May  1886  and  July  1875,  heavy  down- 
pours, without  much  apparent  electric  disturbance,  produced  locally  extra- 
ordinary risings  of  the  neighbouring  streams.  Of  this  character,  too,  was 
the  great  flood  in  Yorkshire,  October  16th,  1892. 

In  the  case  of  the  waterspout  or  cloudburst  in  Breconshire,  July  9th, 
1858,  the  Usk  rose  to  an  unprecedented  height,  far  beyond  that  of  any  pre- 
vious time,  houses  being  carried  away  and  much  damage  being  done,  owing 
to  ihe  water  coming  down  so  suddenly  and  unexpectedly.  An  inscribed 
stone  shows  the  height  attained. 

On  May  27th,  1811,  a  storm  broke  over  the  country  to  the  eastward  of 
Hereford,  lasting  from  8  to  8  p.m.,  accompanied  by  torrents  of  rain.  The 
Severn,  at  Worcester,  is  said  to  <'  have  risen  6  feet  in  one  hour,  and  20  feet 
in  twenty-four  hours."  On  July  5th  and  7th,  1852,  violent  thunderstorms 
occurred  in  the  same  district,  which  were  said  to  have  ''  carried  everything 
before  them.'* 

On  August  18th,  1858,  2*75  ins.  of  rain  fell  in  50  minutes  ;  8*84  ins.  in 
24  hours.  The  streets  in  Ross  were  flooded  to  a  depth  of  8  feet.  On  June  4th, 
1891,  four  miles  from  Ross  stone  walls  were  swept  down,  and  soil  and  crops 
removed  from  fields,  from  the  enormous  downpour  over  a  very  limited  area. 

Of  summer  fioods  affecting  the  larger  rivers,  the  most  notable  examples 
are  those  of  August  1799  and  1889,  and  July  1872.  In  each  case  large 
quantities  of  hay  were  washed  down  stream ;  1889  being  the  most  re- 
markable instance. 

Floods  of  November  1894. 
And  now  as  to  the  recent  flood  of  November  1894.  The  deficiency  of 
rainfall,  which  commenced  in  Herefordshire  in  1887,  continued  with  a  few 
breaks  till  October  22nd,  1894.  The  accumulated  defect,  taking  the  pre- 
vious twenty  years  1867-1886  as  a  standard  of  comparison,  being  as  much 
as  42*85  ins.,  or  equal  to  the  average  fall  in  16  months.     On  October  2drd, 
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however,  the  rain  which  occasioned  the  flood  set  in,  and  bjr  the  81st,  that  is 
in  nine  days,  678  ins.  fell  at  Rhayader  (t^antgwylt),  near  the  source  of  the 
Wye,  and  4*43  ins.  at  Ross,  which  is  nearly  a  maximam  record  in  the  time 
for  the  latter  place.  On  October  28th  the  river  had  only  risen  7  feet.  On 
November  2nd  a  height  of  10  feet  was  shown  by  the  gauge.  There  was  then 
a  fall,  and  it  was  not  till  after  the  renewed  rain  of  November  Uth  to  14th, 
producmg  about  2  ins.  of  water  more,  that  the  Wye  rose  to  12  feet.  From 
this  time  the  river  continued  to  rise  till,  at  8  p.m.  on  the  15th,  a  height 
of  14  feet  to  14  feet  8  inches  was  reached,  a  limit  which  had  scarcely 
been  exceeded  since  November  1862,  although  several  instances  of  floods  of 
similar  height  had  occurred  in  the  interim.  During  the  next  12  hours  the 
water  fell  22  inches,  and  then  pretty  quickly  subsided,  so  that  the  river  was 
contained  again  within  its  usual  high  banks.  The  lower  or  old  road  from  Here- 
ford (a  new  one  was  made  after  the  coach  had  been  left  there  in  the  flood  in 
1881)  was  impassable,  and  the  whole  valley,  as  seen  from  the  Ross  Prospect, 
was  one  wide  lake.  But  little  damage  appears  to  have  been  done,  nor  much 
inconvenience  caused,  comparatively  speaking. 

I  append  tables  showing  the  rainfall  in  different  places,  and  also  comparative 
heightb  of  diferent  floods  as  far  as  can  be  ascertained  (pp.  86-88).  More  exact 
levellings  are  still  needed  to  fix  a  good  datum  line,  and  it  is  hoped  that  before 
long  there  may  be  a  more  permanent  set  of  flood-marks  fixed  in  a  conspicuous 
and  suitable  place,  so  as  to  make  future  comparisons  more  easy  and  simple. 
Further  observations  are  also  needed,  so  as  satisfactorily  to  settle  the  differ- 
ence of  time  between  the  top  of  the  flood  at  different  places  on  the  river, 
speed  of  current,  &c.  It  will  be  seen  by  these  figures  that  the  recent  flood, 
though  high,  was  not  exceptionally  so  on  the  Wye,  nor  does  it  appear  to 
have  been  so  on  the  Severn,  whilst  on  the  Thames  and  Avon  it  was  probably 
the  highest  of  the  century. 

The  followmg  from  Keenes  Bath  Journal^  dated  November  17th,  1894, 
gives  a  graphic  account  of  the  flood  there  : — 

*'  All  previous  records  in  the  way  of  floods  have  been  beaten  this  week  by  the 
double  disaster  of  Tuesday  and  Thursday.  The  flood  of  1882  has  hitherto  been 
acknowledged  to  be  the  most  disastrous  of  the  century,  though  the  water  in  1809 
is  believed  to  have  reached  a  few  inches  higher.  This  week,  however,  will  be 
memorable  in  local  history  for  having  produced  two  floods,  the  latest  quite 
eclipsing  that  of  which  any  known  record  exists.  The  water  reached  its  high- 
est point  at  880  a.m.  Thursday,  November  15th,  and  it  then  measured  about  a 
foot  higher  than  1882."  It  further  on  adds :  "  The  liood  level  of  1^82  is  shown 
by  a  stone  let  into  the  wall,  though  the  mark  upon  it  was  wo/  vinihle  owing  to  the 
growth  of  weeds.*'  This  in  only  12  years  I  The  account  cootinues  :  **  Several 
previous  visitations  stand  out  in  the  records  of  the  century.  The  flood  of  1809 
was  only  a  few  inches  above  the  level  of  1882.  It  was  caused  by  a  heavy  fall  of 
snow  followed  by  rain  and  consequent  sudden  thaw."  Two  horses  attached  to  a 
coach  were  drowned  at  Batbeaston  in  this  flood.  Then  came  the  flood  of  1821, 
then  that  of  1828  (?  1824),  and  afterwards  1828.  This  was  the  effect  of  a 
violent  thunderstorm  in  July.  "  In  this  case  a  reservoir  burst  its  banks.  In 
1841  two  bridges  were  swept  away.  In  1866  the  river  rose  14  feet.  In  1875 
there  were  two  floods,  one  in  January,  and  one  in  November,  15  feet  being  the 
height  of  the  latter.  A  similar  one  in  January  1877.  In  1878  a  waterspout 
burst  over  Weston  ;  that  of  October  24th,  1882,  bein^  the  next  except  one  iij 
1881," 
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To  return  to  the  Wye,  Mr.  S.  C.  Lewis  writes  me  from  Elan  Valley, 
Bhayader,  <<  The  heaviest  flood  of  this  year  (1894)  took  place  on  the  night 
of  July  24th.  Bain  set  in  at  2  p.m.,  and  next  morning  No.  2  gauge  showed 
a  fall  of  8*57  ins.,"  the  rainfall  at  Ross  for  same  time  being  0*69  in.  This 
is  similar  to  my  experience  at  Dolgelly  on  October  6th,  1874,  on  which 
occasion  8*75  ins.  fell  between  9  a.m.  and  midnight,  against  0*55  at  Ross. 

HisTOBic  Floods. 

I  may  perhaps  be  allowed  to  conclade  this  imperfect  account  of  floods  in 
onr  own  times  by  some  short  reference  to  historic  floods.  I  haye  not 
indnded  any  of  the  <*  secondary  "  ones  since  1852,  except  that  of  1894,  and 
the  **  tertiary  "  are  too  nnmerons  to  mention,  although  in  some  of  these  last 
a  large  body  of  water  comes  down,  flooding  the  meadows  to  a  depth  o{ 
nearly  2  feet.  I  append  a  list  of  approximate  heights  and  dates  of  the 
*'  secondary  *'  since  1852  (p.  88).  ^ 

The  first  flood  on  the  Severn  of  which  we  have  any  account  occurred 
14  A.D.,  followed  by  one  in  115  a.d.  and  852  a.d.,  or  three  during  the 
Roman  period — much  people  and  cattle  said  to  have  been  destroyed. 

During  the  Saxon  period  there  are  again  three  records — 487,  818,  1046. 

In  818  the  chronicle  says  '*  2,000  people  and  7,000  cattle  lost."  Many 
of  the  records  in  the  next  400  years  speak  of  inundations,  but  in  many  cases 
it  is  not  stated  whether  they  were  produced  by  sea  or  river.  But  in  1 488 
HoUinshead  says : — 

*'  In  October  the  River  Severn  overflowed  for  10  days,  and  carried  away  men, 
women,  and  children  in  their  beds,  and  the  flood  was  called  '  the  great  waters  * 
for  a  hundred  years  after." 

In  like  manner  we  now  look  back  on  the  great  flood  of  1795,  just  a 
hundred  years  since. 

Hume  gives  more  particulars : — 

"  But  at  that  time  there  happened  to  fall  such  incessant  rains,  so  heavy  and 
continued,  as  exceeded  anythmg  known  in  the  memory  of  man,  and  the  Severn 
and  other  rivers  in  the  neighbourhood  sweUed  to  a  height  which  rendered  them 
impassable." 

This  flood  put  an  end  to  the  Duke  of  Buckingham's  insurrection. 

In  1607  "  a  strong  West  wind  caused  such  a  flood  in  the  Severn  that  in  several 
towns  and  viUages  the  waters  rose  higher  than  the  house  tops." 

So  that  great  floods  are  nothing  strange.     If  the  calculation  be  a  correct 

one  that  in  48  hours  during  November  1894  a  cubic  mile  of  water  fell  over 

England  south  of  the  Humber,  we  may  be  thankfal  not  to  have  suffered 

more  than  we  have  done. 
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Baimfail  in  Wtb  Yallet  akd  Bobdbm,  Octobxb  2}bd  to  Notxmbxb  i4.tB,  1894. 
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Total  October  23  to  Noyember  24 
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Baimtall  at  Bath. 
Previous  to  the  two  great  floodi,  October  24tb,  1882,  and  November  15th,  1894. 


1882.  ins. 

Total  30  days  previous  to  Oct.  18  ...  3^59 


Oct.  18  .. 

.    -IS 

.  '12 
.       'lO 

.  -4* 
.     -62 

24  .. 

.    1*12 

1894 

Total  30  days  previous  to  Nov.  8 


ins. 

Nov.  8  .. 

.4-18 

Nov.  8  .. 

•19 

9  .. 

•08 

10  .. 

•a3 

II  .. 

•81 

12  .. 

1-14 

13  .. 

•79 

>4  .. 

•6f 
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Sept.  18  to  Oct.  24.    Total  37  days  6-44 


Nov.  8  to  14.    Total  7  days  3-85 
Cot.  9  to  Nov,  14.    Total  37  da^s  803 
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Bainfall  at  Oblitok,  Woboxstbbshibe. 
Beoords  of  late  Mr.  T.  H.  Dayib  of  Bainfall  preTions  to  great  floods  on  Biver  Teme. 
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4*59  ln»- 


478 
Nearest  to  it  in  July  1834  (four  days) 


Rainfall  at  Boss. 
Previous  to  great  floods  on  the  Wye. 
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Bainfall  at  Boss— Con;tnii«(f. 

in.  in. 

1880.     Dcoejiber  27      ...      '50                    1894.     November  11      ...  '19 

„          12      ...  -62 

13  ...  -83 

14  ...  J31 

1-95 

1886.     May           10      ...      'Ts                                Previous  19  days  5*44 


346 
COMPABATIVE  HEIGHT  OF  FLOODS  AT  DIFFEBENT  PLACES. 

Boss. 
Assuming  the  height  of  the  late  flood  at  Boss  to  have  been  14  ft.  3  ins.  above  lowest 
summer  level  of  1868,  the  following  are  approzunate  (say  within  an  inoh  or  so)  com- 
parative levels  of  highest  reached,  ranged  in  order,  from  greatest  downwards  :— 

1770,  November  18.    No  record,  but  said  to  be  not  quite  equal  to  1795  <^^  Wye. 

ft.    in.  ft.  in. 

1795    February  12    17    9  1877    January  1-2  14  3 

1809    January  27 ••     17    3  x88x    February  11    14  3 

1824    November  24 17    3  1880    October  29 14  3 

1831    February  10   17    3  1875    November  15    14  3 

1852  „         8    1610  1886    May  14-15 14  2 

1852    November  12 x6    2  1880    December  31 13  10 

1894  „         15 14    3  1878    November  12 13  9 

1867    March  24    X4    3  1872    July  8^     12  6 

1869    December  19 14    3 

1  Very  high  for  Midsummer  Flood. 

For  comparative  heights  of  floods  at  Worcester,  Gloucester,  ^c.  see  Quarterly  Jour- 
nalt  Vol.  XII ,  pp.  280-281. 

Shbewsbubt. 

ft.    in.  ft.  in. 

1795    February  II    20    3i        1852    February  7 19  2 

1770    November  18 19    9I        1852    November  15 18  6 

1672    December  23 19    7I        1831    February  10    17  8 

1869    December  20 19    4  1849    No  date  given 17  6 

Note.— There  are  brass  plates  in  house  formerly  occupied  by  Mrs.  Davies,  Frank  well, 
Shrewsbuiy.— Extract  Shrewsbury  paper. 

EVESHAH. 

ft.  in.  ft. 

1848    October  I    14  3  1875    October  21 12 

1852    Novemberii 13  6  1875    July  21    12 

1882    October  25 13  o 

Obleton,  Tbkbubt. 

1770    Maximum  known,  probably  a  few  1836    Not.  30,  32!  ins.  below  1795 

inches  above  1795  1815  39;,    „        „      „ 

1795    Next  1821     Sept.  7.  4^]     f.        .,      „ 

1839    24J  ms.  below  1795  1852    Nov.  13,  13!    „        „      „ 
1809    31}    „      „         „ 


i 


Floods  at  Tewkbsbubt 
Dyke*B  History  of  Tewkesbury  mentions  high  iB^oods  on  the  Severn  on  July 
19ih,  1587,  when  a  sudden  inundation  overflowed  the  meadows  to  such  an 
extent  that  the  inhabitants  were  compelled  to  leave  the  loaded  carts  behind 
them  as  they  went  to  gather  the  hay ;  and  no  great  was  the  accumulation  of 
hay  that ''  the  townsmen  were  constrained  with  pitchforks  and  long  poles  to 
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stand  on  the  bridge  of  wood  to  break  the  cocks,  lest  the  bridge  should  be 
carried  away  by  the  force  of  them.''  In  1610  there  was  another  flood,  and 
again  in  1640,  when  there  were  no  less  than  eight  floods  between  Midsummer 
and  Michaelmas.  This  was  followed  by  most  severe  frost,  October  11th  to 
24th,  freezing  up  all  rivers  and  brooks.  On  December  23rd,  1672,  so  great 
was  the  flood  that  the  water  came  into  the  chancel  of  the  Abbey  Church,  and 
was  the  highest  the  oldest  inhabitant  could  then  recollect.  The  years  1721  and 
1722  were  times  for  floods,  and  again  in  1727,  when  there  were  no  less  than 
twenty.  With  respect  to  1754,  there  is  an  entry  as  follows  : — **  In  this 
year  there  were  nineteen  sheets  of  water,  which  stopped  the  town  mills  an 
hundred  days."  But  in  the  year  1770  there  seems  to  have  been  the  highest 
on  record.  It  reached  its  height  on  November  17th,  for  in  Bennett's 
Register  and  Magazine  we  gather  that  a  Mr.  Havard  embarked  near  the  turn- 
pike in  the  High  Street  by  the  Bear  Inn,  and  made  a  voyage  round  the  town, 
which  took  him  three  hours  to  accomplish.  The  south  side  of  the  chancel 
of  the  Abbey  was  then  under  water,  and  Dyke  observes  that  *'  two  houses 
near  the  mills  were  washed  down."  In  1789  there  was  another  high  flood, 
boats  being  employed  on  the  long  bridge  to  convey  passengers  over  it. 
This  flood  was  after  the  breaking  up  of  a  severe  frost. 

DISCUSSION. 
Mr.  G.  J.  Stmons  submitted  the  following  extracts  from  the  Report  of  the  Usk 
Fishery  Commissioners,  having  reference  to  floods  in  that  river  :— 
1872.    Floods  have  damaged  passes  at  Aberbr&n  and  on  the  Cynrig. 

1875.  Numerous  weirs  and  passes  carried  away  by  the  flood  of  July  14th. 
The  July  rain  was  never  heavy,  but  steady,  about  J  inch  per  hour — 

began  9  a.m.  on  13th,  finished  6  a.m.* July  14th,  total  5  j^  inches. — G.  B. 
Gething. 

1876.  A  violent  flood  in  October  carried  the  river  over  the  fields,  and  on  the 

water  running  off  left  millions  of  small  fish  dry  on  the  meadows. 

1877.  Tremendous  flood  on  November  11th. 

Time  of  highest  water. 
Brecon  ...  ...  November  11th,  8  p.m. 

Pontygoitre     ...  ...  n         12th,  6.15  a.m. 

Trostrey  Weir  ...  „         12th,  7.50  a.m. 

At  Brecon  4  inches  below  1875. 
At  Glarmsk  above  1875,  but  10  inches  below  a  flood  on  January  24th, 

1840. 
At  the  forge  mill,  near  Clytha,  the  water  entered  the  upper  floor,  but 

it  was  2  feet  9  inches  below  the  great  flood  of  February  16th,  1795. 
At  Usk  the  flood  was  the  greatest  for  more  than  60  years. 
Miss  E.  Brown,  in  a  letter  to  the  Secretary,  gave  the  following  particulars 
as  to  the  depth  of  water  in  a  well   100  feet  deep  at  Further  Barton,  near 
Cirencester : — 

1894— October  26th        10  ft.  4  ins. 

„       November  2nd     37  ft. 

„  „        9th      37  ft.  5  ins. 

„  „      16th      62  ft.  1  in. 

„  „      23rd      40  ft.  11  ins. 

„  „       30th      30  ft.  6  ins. 

This  was  exceeded  in  1876,  when  60  feet  was  registered  on  November  16th. 
No  record  was  kept  as  far  back  as  1852  ;  but  on  September  4th  of  that  year 
2-83  ins.  of  rainfall  was  measured  (in  a  gauge  9  ins.  diameter). 

Mr.  Symons  put  in  a  plea  for  ihe  permanent  marking  of  flood  heights,  and 
expressed  a  hope  that  any  who  might  have  the  opportunity  would  endeavour  to 
carry  out  this  simple  but  important  work. 
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PROCEEDINaS  AT  tHE  MEETINGS 
OP  THE  SOCIETY. 


November  2l8t9  1894. 

Ordinary  Meeting. 

Richard  Tnwarda,  F.R.A.S.,  President,  in  the  Chair. 

Capt.  George  Williams  Atkinson,  5  Manor  Park,  Lee,  S.E. ; 
John  R.  Eyles,  80  St.  Mary  Street,  Weymouth  ; 
Valentine  Edward  Johnson,  M.A.,  Soath  Grove,  Alderley  Edge  ; 
James  Lemon,  M.InstC.E.,  Lansdowne  House,  Southampton  ;  and 
Joseph  Monkhouse,  Gilcrux,  Carlisle, 
were  balloted  for  and  duly  elected  Fellows  of  the  Society. 

The  following  papers  were  read  : — 

*'  Methods  of  de-tcaminino  the  influence  of  Springs  on  the  Tempera- 
ture OF  A  River,  as  illustrated  by  the  Thames  and  its  Tributaries.*' 
By  H.  B.  GUPPY,  M.B.    (p.  1.) 

^<  Some  effects  of  the  Gale  in  the  Higui>and6  of  Scotland  on  Novem- 
ber 17th  and  18th,  1*893.'*    By  Eric  S.  Bruce,  M.A.,  F.R.Met.Soc.    (p.  11.) 

*•  History  of  a  Waterspout.*'    By  Alfred  B.  Wollaston.    (p.  13.) 


December  20tli«  1894. 

Ordinary  Meeting, 

KiOHARD  Inwards,  F.R.A.S.,  President,  in  the  Chair. 

Thomas  William  Aldwinckle,  F.R.I.B.A.,  1  Victoria  Street,  S.W. ; 
Capt.  C.  W.  Andrew,  The  Terrace,  Kennington  Park,  S.E.  ; 
Hamar  Bass,  M.P.,  145  Piccadilly,  W. ; 
George  Grove  Blackwell,  Jun.,  15  Hillside  Road,  Wallasev  ; 
William  Nisbet  Blair,  Assoc.M.Inst.C.E.,  23  West  Hill,  Highgate,  N. ; . 
Henry  Hugh  Breton,  Portswood  House,  Southampton  ; 
Charles  Brownridge,  As80C.M.In8t.C.E.,  F.G.S.,  Town  Hall,  Birkenhead  ; 
Joseph  Stone  Burbery.  Trent  House,  West  Cowes,  Isle  of  Wight; 
Wilberforce  Cobbett,  Assoc.M.Inst.C.E.,  Fareham  ; 
Nelson  Frederick  Dennis,  ABsoc.M.Inst.C.E.,  West  Cowes,  Isle  of  Wight ; 
Ernest  John  Elford,  Hill  House  Road,  Norwich  ; 
E.  A.  Sandford  Fawcett,  Assoc.M.InstC.E.,  1  Victoria  Street,  S.W. ; 
Major  Lamorock  Flower,  12  Finsbury  Circus,  E.C.  ; 
Charles  Gilby,  Guildhall,  Bath  ; 

Robert  M.  Gloyne,  Assoc.M.Inst.C.E.,  Town  Hall,  Eastbourne  ; 
Washington  Lyon,  85  Asvlum  Road,  Peckham,  S.E. ; 
Thomas  Mansell,  F.R.M.S.,  St.  Thomas's  Hospital,  S.E. ; 
Reginald  Empson  Middleton,  M.Inst.C.E.,  17  Victoria  Street,  S.W. ; 
George  Shaw,  20  King  Edward  Street,  E.C. ; 
William  Joseph  Howard  Smith,  Assoc.M.Inst.C.E.,  Carlisle ; 
Andrew  South,  Hamilton  Road,  Ealing,  W.  ; 
George  Walter  Steeveb,  B.A.,  M.D.,  Parkfield  Road,  Liverpool ; 
Thomas  David  Williams,  F.G.S.,  Egremout,  The  Ridge,  Hastings  ; 
Edward  Willis,  High  Street,  Eton  ; 
John  Willis,  Stansfield,  Windsor ;  and 

Ernest  Worrall,  5  Beaconsiield  Terrace,  Seacoinbe,  Liverpool, 
were  balloted  for  and  duly  elected  Fellows  of  the  Society. 
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Mr.  R.  H.  Curtis  and  Mr.  F.  Qaster  were  appointed  Aaditon  of  the 
Society*B  Accoants. 

The  following  papers  were  read  :— 

"  Report  on  the  Cloud  Nomenclature  presented  to  the  International 
Meteorological  Committee  at  Upsala  in  August  1894/*  By  Robert  H. 
Scott,  M.A.,  F.R.S.    (p.  16.) 

"  Floods  in  the  West  Midlands."  By  Henry  Southall,  F.R.H.S.  (p.  28.) 

<«  Meteorological  Observations  at  Mojanga,  Madagascar,  during  1892- 
1894."    By  8.  C.  Knott,    (p.  21.) 


CORRESPONDENCE  AND  NOTES. 

Shadows  in  Fcigf. — Daring  the  fogs  of  Noyember  1894  T  noticed  a  very  re- 
markable, tall,  dark  column  before  one  of  the  gas  lamps  on  Cranleigh  Common. 
On  examining  the  lamp,  I  found  that  the  flame  of  the  burner  was  diagonally 
across  the  lamp,  ue,  end  on  to  the  comer  wires  ;  and  the  flame  having  very 
little  width,  the  shadow  of  the  wire  on  the  fog  was  a  sharply  defined  dark 
column,  only  to  be  seen  from  one  particular  position.  The  burners  in  the  other 
lamps  being  placed  square  with  the  sides  oi  the  lamps,  the  cross  lights  of  the 
length  of  the  flame  prevented  any  shadow  being  formea.  J.  P.  Maclear. 

KiBtinefls  of  the  Atmosphere  in  East  Winds.— A  proof  of  mist  with  East 
winds,  although  the  sky  ma^  be  apparently  clear^  appears  to  be  afforded  by  the 
following  fact : — ^When  printing  from  a  negative  exposed  to  the  western  sky 
near  the  zenith  with  a  West  wind  blowing,  the  desired  effect  was  produced  in  14 
minutes.  A  few  days  afterwards  the  same  negative,  under  exactly  the  same  cir- 
cumstances, but  witn  an  East  wind,  the  sky  being  apparently  as  clear  as  in  the 
first  case,  took  over  20  minutes  to  "print  to  the  same  depth.  There  must  have 
been  a  haze  in  the  sky  inappreciable  to  the  eye.  J.  P.  Maclear. 

Dry  Snow  in  High  Wind.— The  gale  onTthe  night  of  Januaiy  12th,  1895, 
presented  the  features  of  a  little  blizzard.  The  fine  snow  was  blown  under  the 
slates  and  tiles  of  nearly  every  roof  in  Cranleigh  village,  and  found  its  way 
into  the  attics,  doing  much  mischief  to  ceilings.  In  many  cases,  also,  the  snow 
was  blown  through  crevices  in  windows  and  doors,  and  formed  piles  of  snow 
inside.  J.  P.  Maclear. 

Gfeat  Variation  of  Temperature  in  7  hours.— Mr.  A.  F.  fiowker,  in  writing 

from  Bannack  City,  Montana,  on  January  14th,  1895,  says  :  '*  I  have  been  here 
in  the  Rocky  Mountains  for  about  two  months  in  the  States  of  Colorado, 
Utah,  and  Montana,  during  which  time  I  have  experienced  veiy  favourable 
weather.  We  have  not  yet  had  more  than  six  inches  of  snow  here  (6,000  feet 
above  sea  level).  It  is  so  dry  that  one  does  not  feel  the  cold  nearly  so  much  as 
at  a  very  much  higher  temperature.  On  December  27th-28th  the  temperature 
fell  to  40°  below  zero  Fahr..  and  on  the  following  day,  only  7  hours  after,  it  was 
45^  dbov&-^r  a  variation  or  85°  in  7  hours ;  both  are  shade  readings." 

Southerly  Bursters. — The   Hon.   Ralph  Abercromby,  in  December  1892, 

Save  to  the  Royal  Society  of  New  South  Wales  the  sum  of  £100  to  promote 
lie  study  of  Australasian  Meteorology  by  offering  prizes  for  essays  upon  par- 
ticular phases  of  weather,  and  in  rewards  for  special  investigations.  The 
subject  chosen  for  the  first  essay  was  '*The  Southerly  Burster,"  the  prize 
being  £25.  This  has  been  awarded  to  Mr.  Henry  A.  Hunt,  Second  Meteoro- 
logical Assistant  at  the  Sydney  Observatory.  The  essay,  which  is  accom- 
panied by  numerous  diagrams  and  illustrations  of  clouds,  has  been  printed  in 
the  Jiwmal  rfihe  Royal  Society  of  Neio  South  fVaki,  Vol.  XXVIII. 
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The  weather  conditions  indicating  the  approach  of  the  barster  are  described 
as  follows  :  — 

"The  climatic  conditions  preceding  a  southerly  burster  are,  first,  a  period 
of  high  temperatnre  varying  from  three  hours  to  three  or  more  days,  accom- 
panied in  the  early  part  of  summer,  or  towards  its  close,  by  wind  from  the  West 
or  North-west,  and  in  the  midsummer  months  generally  from  the  North-east. 
In  tlie  earlyjmorning  on  the  day  of  a  *  burst  *  the  sky  is  white,  and  hazy  of  aspect. 
As  the  hour  of  the  outbreak  approaches,  there  begin  to  accumulate  in  the  south 
ball-shaped,  cirro-cumulus  or  pilot  clouds,  and  frequently,  if  electric  disturbances 
are  to  accompany  the  squalls,  heavy  cumuli,  thunder  clouds,  rise  gradually  in  the 
south-west.  An  hour  or  so  before  the  squall  a  heavy  cumulus  roll  appears  low 
down  on  the  southern  horizon.  The  interval  between  this  appearance  and  the 
beginning  of  the  gusts  depends  entirely  on  the  velocity  of  the  wind.  Afar  off 
this  cloud  roll  appears  most  frequently  due  south,  but  sometimes  south-south- 
west, or  even  south-west.  It  is  sharply  defined,  dark  on  tho  eiges,  with  lighter 
shades  towards  the  centre.  The  roll  is  from  30  to  60  miles  in  length.  Some- 
times it  appears  singly  ;  on  other  occasions  there  are  a  multitude  of  these  form- 
ations heaped  one  above  the  other,  with  light  cirrus  below.  Generally,  if  the  burst 
is  of  the  first  order,  it  is  followed  by  an  overcast  sky  composed  of  nimbus,  from 
which  patchy  rain  descends. 

"  As  the  cloud  roll  approaches,  it  ^raduall^  loses  its  symmetrical  aspect,  and 
careful  observation  reveals  a  light  cirrus  fringe  rising  from  underneath  it  in 
front,  falling  over  the  top,  and  trailing  behind  the  advancing  cloud.  Up  to  this 
time  the  wind  has  been  blowing  with  steadily  increasing  force  from  a  Northerly 
direction,  but  at  this  stage  it  drops  suddenly,  and  a  profound  calm  prevails, 
broken  only  at  intervals  by  a  few  fitful  puffs.  This  state  of  things  la^ts  for  a 
yar}*ing  space.  If  the  southerly  arrives  during  the  heat  of  the  day,  it  endures 
but  a  very  short  time  ;  if  at  night,  the  calm  is  of  no  longer  duration. 

*'  Meanwhile  the  cloud  roll  is  seen  rapidly  approaching,  clouds  of  dust  rise 
in  the  southern  part  of  the  city  four  miles  away,  and  gather  volume  as  they  come, 
until  they  almost  hide  the  city  as  viewed  from  Observatory  Hill,  while  from 
immediately  under  the  roll  light  clouds  rush  forward  with  great  velocity,  only  to 
be  thrown  back  over  the  top  of  it  as  they  reach  the  front ;  the  wind  vane  on  the 
time  ball  tower  flies  to  the  South,  and  the  wind  reaches  us  on  the  ground  a 
moment  later,  and  in  a  few  momenta  is  blowing  with  the  force  of  a  gale.** 

The  author  deals  with  the  burster  in  other  colonies,  and  shows  that  it  is  inten- 
.ftified  in  New  South  Wales  by  geographical  features,  and  that  it  is  sometimes 
caused  by  monsoonal  depressions.  Bursters  always  result  in  a  fall  ot  tempera- 
ture, the  average  fall  being  18°'l.  The  greatest  diminution  of  temperature 
takes  place  during  the  first  hour,  and  the  fall  is  most  sudden  when  tiie  burst 
comes  at  midday.  The  greatest  fall  on  record  was  that  registered  on  December 
dOth,  1891 :  at  1.50  p.m.  the  temperature  was  97^5  ;  at  1.55,  after  the  change  to 
south,  it  had  fallen  to  80^*3;  and  at  1.57  to  79°*7 ;  and  at  2.15  it  had  descended  to 
75^-0,  being  a  fall  of  22**-5  in  25  minutes. 

Mr.  Hunt  traces  different  kinds  of  bursters,  their  rate  of  progress  along  the 
sea  coast,  and  relation  to  general  weather  conditions.  He  also  gives  a  detailed 
description  of  two  bursters,  with  diagrams  of  weather  before  and  after,  and 
photographs  of  clouds,  with  full  notes  of  cloud  changes.  From  the  records  of 
the  past  31  years  it  appears  that  the  average  number  of  bursters  in  each  year  is 
32,  the  greatest  beuig  56  in  1869,  and  the  least  16  in  1890. 

Cyolonic  Preeipitation  in  New  England.— Some  six  years  ago  Prof.  Winslow 
Upton  examined  the  reports  of  the  observers  of  the  New  England  Meteo- 
rological Society  for  the  19  months,  January  1885  to  July  1886,  with  the  view  of 
investigating  the  distribution  of  precipitation  in  cyclones.  He  has  recently 
continued  the  discussion  from  August  1886  to  December  1892,  and  finds  that  the 
results  confirm  his  previous  conclusions.    The  most  important  results  are : — 

1.  The  precipitation  is  sometimes  along  the  path  of  the  cyclone,  but  in  the 
majority  of  cases  the  greatest  amount  is  found  many  miles  away  from  the  path. 
These  maximum  areas  are  at  the  right  or  left,  or  on  both  sides  of  tho  path. 
The  situation  of  the  observing  stations  is  more  favourable  to  showing  the  maxi- 
mum areas  at  the  right  of  the  paths  of  storms  which  come  to  New  England  from 
the  west,  and  at  the  left  of  those  which  oome  from  the  south  ;  h^nce  those  pre- 
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dominate  in  the  cases  examined.  There  is  a  larger  proportion  of  cases  in  which 
the  greatest  precipitation  lies  along  the  track  in  southern  than  in  western 
cyclones,  and  the  distances  are  less  in  the  former  class  when  the  maximam  area 
is  displaced. 

2.  The  precipitation  area  does  not  maintain  a  constant  position  with  regard 
to  barometric  centre  of  the  storm,  while  tlie  storm  is  m  transit  over  New 
England.  While  departures  from  regularity  are  evidently  to  be  expected  in  the 
curve  of  the  rain  front  and  rear  as  the  precipitation  area  passes  over  country  of 
varied  topography,  there  seems  to  be  a  marked  agreement  between  both  rain 
front  and  reai*  in  showing  a  different  average  rate  of  progression  across  New 
England  than  that  of  the  barometric  centre.  In  a  few  cases  the  rate  of  the 
rain  front  and  rear  is  more  rapid  than  that  of  the  centre,  but  in  the  great 
majority  of  storms  examined  the  rate  was  very  much  less.  In  other  words,  the 
barometric  centre  is  usually  displaced  forward  in  the  precipitation  area  while  the 
cyclone  is  crossing  New  England. 

Aberrations  of  Aadibility  of  Fog  Signals.— The  U.S.  Hydrographic  Office 
in  the  Pilot  Chart  for  November  1894  directs  attention  to  the  uncertainty  of  audi- 
bility of  fog  signals,  and  quotes  the  following  examples  furnished  by  Mr.  A.  B. 
Johnson  of  the  U.S.  Lighthouse  Board. 

The  idea  that  sound  is  always  heard  in  all  directions  from  its  source  according 
to  its  intensity  and  force,  and  according  to  the  distance  of  the  hearer  from  it,  is 
an  erroneous  popular  notion.  Instances  of  this  fallacy  have  accumulated,  and 
they  are  emphasised  by  shipwrecks  caused  bv  the  insistance  of  mariners  on  the 
infallibility  of  their  ears,  who  have  accepted  unquestioned  the  miidance  of  fog 
signals  as  they  do  that  of  lighthouses  during  clear  weather.  Audition  is  subject 
to  aberrations,  and  under  circumstances  where  little  expected.  Implicit  reliance 
on  sound  signals  often  leads  to  danger  if  not  death. 

The  steamer  Rhode  Island  was  wrecked  in  a  fog  on  Bonnet  Point,  R.I., 
November  6th,  1880.  Investigation  showed  that  Beaver  Tail  Point  fog  signal 
(about  2  miles  distant)  was  in  full  operation,  and  also  proved  that  while  there  was 
no  lack  in  the  volume  of  sound  emitted,  there  was  often  a  decided  lack  in  the 
audition  of  that  sound.  It  could  not  be  heard  at  the  intensity  expected,  nor  at 
the  place  expected  ;  it  would  be  heard  faintly  where  it  ought  to  be  heard  loudly, 
and  vice  versd ;  it  could  not  be  heard  at  some  points,  while  it  could  be  heard 
further  away ;  it  could  be  heard  and  lost,  and  heard  and  lost  again,  all  within 
reasonable  earshot,  and  all  this  wliile  the  signal  was  in  full  blast  and  sounding 
continuously. 

On  tlie  night  of  May  12th,  1881,  the  Galatea  grounded  in  a  dead  calm  and 
dense  fog  on  Little  Gull  Island,  Long  Island  Sound,  about  one-eighth  of  a  mile 
from  the  fog  signal.  Investigation  hjr  the  officers  of  the  Lighthouse  Board 
proved  that  the  fog  signal  was  m  operation,  it  having  been  heard  15  miles  distant 
at  Mystic,  Conn.  Several  days  were  spent  steaming  about  Little  Gull  Island, 
and  the  aberrations  in  audition  here  were  as  numerous  and  eccentric  as  at 
Beaver  Tail. 

Gen.  Daune,  U.S.  army,  in  a  report  to  the  Lighthouse  Board,  states,  regarding 
the  action  of  six  steam  fog  signals  on  the  coast  of  Maine,  that  they  have  fre. 
quently  been  heard  20  miles  distant,  and  again  not  heard  at  a  distance  of  2  miles. 
The  whistle  at  Cape  Elizabeth  was  heard  at  Portland,  9  miles  away  to  windward, 
during  a  heavy  North-east  snow  storm,  the  wind  blowing  a  gale  at  the  time. 
The  greatest  aifficulty  observed,  he  says,  arises  from  the  fact  that  the  signal 
appears  to  be  surrounded  by  a  belt  varying  in  radius  from  1  to  1^  miles,  from 
which  the  sound  appears  to  oe  entirely  absent.  This  action  is  common  to  all 
ear  signals,  and  has  been  observed  at  all  stations,  even  one  on  a  rock  20  miles 
from  the  mainland,  with  no  surrounding  objects  to  deflect  the  sound. 

After  carefully  considering  all  publications  and  experiments  on  the  subject, 
Mr.  A.  B.  Johnson  makes  the  following  recommendations  : — 

"  When  approaching  from  windward,  fog  signals  are  likely  to  be  heard  earliest 
from  aloft ;  from  leeward  on  deck.  Do  not  assume  that  you  are  out  of  hearing 
distance  if  the  signal  is  not  heard  ;  nor  that  it  is  at  a  great  distance  because  it 
is  faint ;  nor  near  because  it  is  plainly  heard ;  nor  that  a  given  point  of  the 
course  is  reached  because  the  signal  is  or  is  not  heard  with  the  same  intensity  as 
on  some  former  occasion  ;  nor  that  the  signal  has  ceased  sounding  because  it  is 
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not  heard  within  easy  ear-shot ;  nor  that  the  aberrations  of  audibility  are  the 
same  in  different  fog  signals.  Do  not  ezpec^  to  hear  the  sisals  so  well  when 
the  upper  and  lower  air  currents  are  moving  in  opposite  directions ;  or  when 
wind  and  tide  are  contrai^ ;  or  during  electrical  aisturbances ;  or  when  the 
sounds  must  come  over  an  island  or  point  of  land.  When  a  bluff  exists  behind 
the  signal,  be  prepared  for  irregular  intervals  in  audition,  such  as  would  follow 
were  the  sound  to  ricochet  as  a  cannon  ball.  Thus,  you  might  hear  it  at  2, 4,  6, 
8,  etc.,  miles,  and  lose  it  at  1,  3,  6,  7,  etc.,  miles,  or  at  any  other  combination  of 
distances,  regular  or  irregular.  When  expected  signals  are  not  made,  keep  the 
lead  going  freely  and  proceed  carefully." 

Olimate  of  Oonioa. — Mr.  R.  Richardson,  in  the  Scottish  Geographical  Maga- 
tine  for  October  1894,  gives  some  particulars  about  the  climate  of  Corsica. 
After  referring  to  a  pamphlet  published  by  Mons.  C.  Gu^rin,  formerly  a  meteo- 
rological observer  at  Ajacco,  he  says :  M.  Gu6rin  makes  the  somewhat  remark- 
able statement  that,  after  numerous  observations  in  years  which  were  reported 
rainy,  only  50  days  on  an  average  per  annum  were  recorded  at  Ajaccio  durinff 
which  the  sun  did  not  shine.  He  adds  that  most  rain  falls  during  the  autumnal 
equinox  towards  the  close  of  September,  less  rain  falling  during  the  vernal 
equinox.  As  to  winds,  the  worst  are  the  Llbeccio  (South-west)  and  the  Mistral 
(North-west),  whilst  the  East  wind  and  South-east  wind  (Sirocco)  are  extremely 
hot.  M.  Gu6rin  declares,  after  a  long  experience,  that  there  are  re^ly  only  two 
seasons  at  Ajaccio,  one  warm  and  dry,  from  May  to  September  ;  the  other  genial 
and  temperate,  from  October  to  the  end  of  April.  The  temperature  in  winter  is 
more  constant  than  on  the  Riviera,  where  the  icjr  wind  from  the  Alps  makes 
more  victims  than  is  generally  supposed.  Again,  the  air  of  Ajaccio  is  more 
salubrious  for  invalids  than  that  of  Algiers,  where  the  summer  is  scorching,  and 
winter,  owing  to  the  vicinity  of  the  Atlas  range,  more  trying  than  in  some  towns 
in  the  centre  of  France. 

The  fact  is  that  we  must  remember,  in  comparing  Corsica  with  the  Riviera  or 

Algeria,  that  Corsica  is  an  island,  and  therefore  much  more  exposed  than  they 

are  to  marine  influences.    Whilst  these  marine  influences  temper  heat,  they  also 

.  prevent  cold  winds  from  having  their  icy  character  which  a  passage  in  winter 

over  land  alone  is  apt  to  entail. 

The  average  temperature  and  rainfall  at  Ajaccio  are  as  follows :— ^ 

Jan.    Feb.    3far.    Apr.    Maty.  June.   July.   Aug.    Sept.    Oct.     Nov.     Deo.    Year. 

Temr 610     sfs     bii     ii-1      fiiz     70°S      7^*5      77°-2      11%     sSs     sSs     sfs     &Fo 

Bain    2'39      1*69      1*94      3S7      IM      072     015      1*07      101      S'Sl      4'96      S*40    3S-76 

The  climate  of  Corsica,  as  a  rule,  is  healthy,  except  on  the  east  coast  and  near 
marshes  at  the  mouths  of  rivers.  To  overcome  the  malarial  atmosphere  at  such 
places,  eucalyptus  trees  have  been  planted  along  the  roads  traversing  them. 
Both  Dr.  Bennet  and  Miss  Gertrude  Forde  agree  that  the  best  time  to  visit 
Corsica  is  durins  spring.  **  The  climate,**  says  the  latter,  "  is  delicious  in  early 
spring,  and  the  flowers  and  trees  are  in  their  glory  in  April  and  Mav.  The  low- 
land towns  become  hot  and  unhealthy  for  visitors  in  June,  if  not  before.  The 
east  coast  of  the  island  is  to  be  avoided  by  travellers,  being  rife  with  malarious 
fever." 

Temperatnre  of  the  Earth's  Oniflt  in  the  Sahara.— Mons.  Georges  RoUand 

has  made  a  communication  to  the  Academic  des  Sciences  on  the  rise  of  tempera- 
ture with  the  depth,  as  ascertained  by  observations  in  artesian  wells,  mines,  &c. 
About  1°  F.  for  every  53  feet  is  the  usual  increase  of  temperature  below  the  level 
of  constant  temperature,  but  in  the  Sahara  the  rise  is  much  more  rapid.  In  the 
Wed  Rir  the  temperature  of  the  subterranean  reservoirs  has  been  found  to  be 
from  7^^' 4  to  80°'2,  and  the  mean  of  the  most  reliable  observations  along  the 
principal  artery  is  78°  for  an  average  depth  of  246  feet.  It  may  be  estimated, 
according  to  MM.  E.  Renou  and  L.  Teisserenc  de  Bort,  that  the  stratum  of  con- 
stant temperature  lies  at  a  depth  of  about  65  feet,  and  that  its  temperature  is 
71°  to  78°.  Thus  the  difference  of  level  between  the  stratum  of  no  variation  and 
the  great  reservoir  of  the  Wed  Rir  would  be  about  180  feet,  and  the  difference 
of  temperature  6°,  and  consequently  the  rate  of  increase  about  one  degree  for 
every  ^  feet.    Further  south,  at  Wargla,  M.  Rolland*s  observations  indicated  a 


Digitized  by 


Google 


00BBE8PONDBN0E  AND  MOTES.  46 

^et  more  rapid  rise.  It  is  true  that  these  observations  apply  only  to  the  water 
m  the  wells,  but  M.  Holland  believes  that,  under  the  actual  conditions,  the 
temperature  of  the  wells  of  the  Sahara  may  be  taken  to  be  that  of  the  surround- 
ing strata.  In  conclusion,  M.  Rolland  affirms  that  in  many  parts  of  the  Sahara, 
between  lat.  33°  and  35°,  the  temperature  of  the  ground  really  rises  with  the 
depth  in  the  ratio  of  not  less  than  one  degree  to  35  feet,  and  often  more  rapidly ; 
but  he  does  not  consider  that  so  high  a  variation  of  temperature  inversely  to  the 
latitude  can  be  inferred,  as  a  comparison  with  observations  in  Europe  would  give. 
— ScoUiah  Oeographioal  Magazine, 


RECENT  PUBLICATIONS. 

American  Meteorological  Journal,  October- December  1894.  Vol.  XI. 
Nos.  6-9.  8vo. 
The  principal  articles  are  : — ^The  Meteorological  Services  of  South  America 
II. :  by  A  L.  Kotch  (10  pp.).  In  this  paper  the  author  gives  an  account  of  the 
meteorological  organisations  in  the  Argentine  Republic  ;  Uriigua;^  and  Brazil. — 
The  forecasting  of  Ocean  Sturms,  and  the  best  methods  of  making  such  fore- 
casts available  to  commerce  :  by  W.  Allingham  (10  pp.).  This  is  the  reprint  of 
a  paper  read  at  the  International  Meteorological  Congress  at  Chicago  in  August 
1894. — Sunspots  and  Auroras  :  by  Prof.  H.  A.  Hazen  (7  pp.). — Cyclonic  Precipi- 
tation in  New  England :  by  Prof.  W.  Upton  (30  pp.). — The  barometer  at  Sea : 
bv  T.  S.  O'Leary  (8  pp.).— Psychrometer  Studies  :  by  Dr.  N.  Ekholm  (8  pp.).— 
Aieteorological  records  obtained  in  the  upper  air  by  means  of  kites :  by  U.  H. 
Clayton  (6  pp.).  This  paper  describes  some  experiments  and  observations  made 
by  Mr.  W.  A.  Eddy  by  means  of  kites  at  the  Blue  Hill  Observatory.  Among 
other  interesting  results  were  the  following  : — On  July  Slst,  1894,  the  kites  were 
let  up  at  noon  in  a  sea  breeze.  When  the  kites  had  risen  about  40)  feet  above 
the  hill  the  topmost  kite  veered  around  from  the  west,  thus  giving  the  depth  of 
the  sea  breeze  as  1,000  feet  above  sea  level.  During  the  afternoon  the  sea  breeze 
steadily  increased  in  depth,  and  veered  towards  the  south.  On  August  6th, 
during  the  prevalence  of  light  winds  from  the  West,  an  effort  was  being  made 
to  elevate  the  kites,  which  refused  to  remain  permanently  in  the  air,  since  the  air 
movement  was  not  sufficient  to  sustain  the  heavy  kites  employed.  But  at 
2.20  p.m.,  while  a  5  foot  kite  was  being  maintained  at  a  short  distance  above  the 
hill  by  means  of  sundry  jerks  and  pulU,  a  rather  large  cumulus  cloud  approached 
the  zenith,  and  suddenly  the  kite  began  to  ascend  almost  vertically.  Cord  was 
rapidly  let  out,  and  in  a  short  time  the  kite  was  flying  directly  overhead,  and 
continued  to  rise  until  all  the  available  cord  had  been  let  out.  It  followed 
the  cumulus  for  a  short  distance  beyond  the  zenith,  then  rapidly  dropped  to  the 
earth.  Mr.  Eddy  afterwards  measured  the  length  of  cord  out  and  reported  1,172 
feet,  which  must  have  been  approximately  the  altitude  of  the  kite,  since  the  cord 
hung  almost  vertically  under  it.  This  seems  to  furnish  striking  evidence  of  the 
existence  of  ascending  currents  under  the  cumulus  clouds.  The  kites  also  at 
times  gave  evidence  of  great  aerial  eddies  around  and  above  the  hill,  which 
swayed  the  kites  from  side  to  side. — Meeting  of  the  International  Meteorologi- 
cal  Committee  :  by  A.  L.  Rotch  (7  pp.).  This  is  an  account  of  the  proceedings 
at  the  Meetings  of  the  Committee  held  at  Upsala,  August  20th  to  24th,  1894. 

Annuaire  de  la  SociSti  MHeorologique  de  France,  April- September  1894.  4to, 
The  principal  papers  are  : — Sur  Torigine  des  orages  et  des  perturbations  atmo- 
sph^riques  :  par  J.  R.  Plumandon  (7  pp.). — Recherches  pratiques  sur  la  photo- 
graphic des  nuages :  par  G.  Raymond  (7  pp.). — Influence  r6elle  des  eaux  sur  la 
temperature  :  par  M.  Bouvet  (4  pp.)— Sur  le  regime  des  pluies  dans  le  Canal  de 
Suez  :  par  A.  Angot  (4  pp.).  The  author  has  tabulated  the  rainfall  at  Port  Said, 
Isroailia,  and  Suez,  the  records  extending  over  17  years,  viz.  1866-68  and  1880-93! 
The  mean  monthly  results  are  : — 

Jan,  Feb.  Mar.  Apr.  May.  June.  July.  Aug.  Sept.  Oot.  Not.  Dec.  Year. 

in.  in.      in.     in.     in.     in.       in.      in.  in.  in.  in.  in.  in. 

Port  Said SS  -47      -89       27       08       01        —       —  03  -27  -24  103  362 

Imudlia -47  -33      '^9       15       16       —        —       —  —  n  08  40  205 

Sues -94       09      -Ol       W      '21       01       —       rr  01  03  07  12  10| 
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Provisions  sur  la  tenne  des  sources  et  des  eaux  eourantes  dans  le  bassin  de  la  Seine 
pendant  r6t6  et  Tautomne  1894:  parG.  Ltooine  (2  pp.). — R6sam6  des  obser- 
vations m6(dorologiques  faites  k  TObservatoire  de  la  Tour  Saint-Jacques  en  1891, 
1892,  et  1893  :  par  J.  Jaubert  (22  pp.).— Trombe  dans  le  Calvados,  6  Juip  1894  : 
par  G.  Guilbert  (2  pp.). — Observations  m6t6oroIogiques  faites  au  cours  d'une 
mission  dans  le  pays  des  Touareg  Azdjer,  Octobre^  1893-Mar8  1894 :  pars  F. 
Foureau  (10  pp.). 

Clnudland ;  a  Study  on  th$  Structure  and  Characters  of  Clouds,  By  Bev. 
W.  Clkmemt  Lbt,  M.A.,  F.R.Met.Soo.  1894.  Bvo.  208  pp.  and 
6  plates. 

This  work  has  been  very  well  got  up,  and  is  illustrated  with  numerous  coloured 
plates,  photographs,  charts,  and  diagrams.  The  author  has  been  a  life-long 
observer  of  clouds,  and  he  here  sets  forth  the  results  of  his  experience  and  pro- 
poses a  new  classification  and  nomenclature  of  clouds.  The  list  comprises  27 
separate  forms,  which  are  arranged  as  follows  : — 

Clouds  op  Radiation. 
iV#6«/a— Fog.  Nehuki  Stillane— Wet  Fog.  Nebula  Pulvera^Du&i  Fog. 

Clouds  of  Interpret. 
Nubea  Informis — Scud.  Stratus  Afaculosus — Mackerel  Cloud. 

Stratus  Qttie^tis— Quiet  Cloud.  Stratus  Castelhtus—TvLvret  Cloud. 

Stratus  Lentictdaris — Lenticular  Cloud.    Stratus  Proectpitans — Plane  Shower. 

Clouds  op  Inversion. 
Cumtflo-ru//iffi«n/tf»t— Rudiment.  Cumulo-nimbus  Nivosus — Snow  Shower. 

Cumulus — Heap  Cloud.  Cumulo  nimbus  Mammatus — Festooned 

Shower  Cloud. 
Cum^do- strut  us — Anvil  Cloud.  Nimbus — Rainfall  Cloud. 

Cumulo-stratus  Mammatus — Tubercled 

Anvil  Cloud.  Nimbus  Orandineus — Hail-fall. 

Cumulo-nimbus — Shower  Cloud.  Nimbtts  Nivosus — Snow-fall. 

Cumulo-nimbus  Grandineus—Htdl 
Shower. 

Clouds  op  Inclination. 
Nubes  Fulgens'-Luminoufi  Cloud.  Cirro-velum — Veil  Cloud. 

Cirrus — Curl  Cloud.  Cfjro- velum   Maminatum — Draped  Veil 

Cloud. 
Cirro  filum — Gossamer  Clou*'.  Ciiro-macula  -  Speckle  Cloud. 

The  author  describes  each  of  the  above  forms,  and  gives  an  account  of  their 
formation. 

As  observations  of  the  direction  of  Cirrus  are  held  to  be  of  service  for  fore- 
casting purpo)>es,  the  following  rules  by  the  author  may  be  considered  useful  and 
instructive  : — 

"  Cirrus  moving  from  North  or  North-east  with  a  high  barometer  is  a  sign  of 
settled  weather  in  summer  and  of  temporarily  fine  weather  in  winter.  With  a 
low  barometer  it  is  a  sign  of  marked  improvement  in  weather. 

"  Cirrus  moving  from  East,  a  rare  occurrence,  is  a  sign  of  fine  weather  in 
winter,  but  of  unsettled  weather  in  summer. 

"  Cirrus  moving  from  South-east  (but  it  rarely  does  so  with  a  low  and  unsteady 
barometer)  is  a  sign  of  improving  weather  in  winter,  and  in  summer  frequently 
Indicates  coming  thunderstorms. 

'*  Cirrus  moving  from  South  is  generally  an  indication  of  unsettled  weather, 
especially  in  summer.  The  temperature  is  then  usually  above  the  mean  for  the 
time  of  J  ear. 

'*  Cirrus  from  South-west  indicates  unsettled  and  sometimes  stormy  weather 
in  winter.  In  summer  it  often  precedes  thunderstorms,  but  witn  a  high 
barometric  pressure  and -a  high  temperature  it  frequently  has  no  disturbing 
influence,  and  is  then  usually  replaced  by  Cirro  macula, 

"  Cirrus  from  West  is  commonly  in  summer  a  symptom  of  fair  weather,  but  it 
is  less  so  in  winter. 

*^  Cirrus  from  North-west,  when  not  tending  to  the  form  Cirro  filum^  is  an 
indication  of  temporary  fine  weather,  especially  in  summer," 
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Mr.  Ley  also  devotes  chapters  to  the  theory  of  atmospheric  currents  ;  the  pre- 
vailing winds  of  the  globe  ;  cyclones  and  anticyclones  and  their  cloud-forms  ; 
and  prevalent  cloud-furms  of  the  globe. 

In  conclusion,  the  author  urges  the  preoaration  of  a  set  of  typical  weather 
charts  for  each  distribution  of  elements,  sno\iiing  isobars,  winds,  and  weather, 
including  cloud-forms  and  upper  currents.  Each  chart  should  be  numbered  and 
printed  on  the  left  page  of  a  large  book,  and  on  the  opposite  page  a  short  de- 
scription of  probabilities  of  general  changes  should  be  given  in  reference,  more 
especially,  to  the  season  of  the  year.  If  these  charts  were  plentifully  distributed 
over  the  country,  at  sea  ports,  &c.,  all  that  the  central  office  need  do  would  be 
to  wire  simply  the  number  of  the  page,  when  any  one  who  turns  to  the  chart 
indicated  would  know  at  once  what  weather  to  expect. 

Meteorologisch$  Zeitschrift,  Bedigirt  toq  Dr.  J.  Hann  and  Dr.  G.  Hell- 
MANN.  October  and  November  1894.  4to. 
The  principal  contents  are:— Einige  Ergebnisse  wissenschaftlicher  Fahrten 
des  Munchener  Vereines  fELr  Luftschiffahrt :  von  S.  Finsterwalder  und  L.  Sohncke 
(16  pp.).  These  ascents  are  particularly  interesting,  from  the  proximity  o£ 
Munich  to  the  mountains,  where  there  are  several  high  level  stations.  The 
result  of  all  the  temperature  observations  is  to  show  that  in  the  free  atmosphere, 
as  compared  with  mountain  stations,  the  temperature  is  lower  by  day  and  higher 
by  night,  so  that  the  range  at  the  mountain  stations  is  ffreater  than  in  the  balloon. 
The  next  point  investigated  was  the  evidence  of  unstable  equilibrium  preceding 
thunderstorms.  Of  this,  five  cases  came  under  observation.  The  other  subjects 
discussed  are  the  inversion  of  temperature  on  waj-m  nights  in  summer ;  the 
decrease  in  aqueous  vapour  with  height ;  and  the  development  of  stratification 
in  the  atmosphere.  On  the  whole,  the  results  agree  very  satisfactorily  with  the 
theoretical  deductions  of  Dr.  Hann. — Einige  Bemerkungen  uber  die  Anwendung 
der  Photogrammeter  zur  Messung  von  Wolkenhohen  :  von  N.  Ekholm  (5  pp.). 
This  is  a  correction  of  some  statements  contained  in  a  pamphlet  by  Dr.  Akerblom, 
issued  at  Upsala  last  summer. — The  November  number  is  entirely  occupied  by 
three  papers  b^  Dr.  A.  Woeikof,  at  least  as  far  as  the  printing  in  large  type 
extends.  The  hrst  paper  is  on  the  dependence  of  rain  upon  changes  in  the  sec- 
tional area  of  air  currents.  The  author  seeks  to  prove  that  the  stronger  the 
winds  the  less  rain  falls.  The  second  paper  U  on  the  daily  range  of  temperature 
and  hydrometeors  in  Northern  India.  He  finds  that  there  are  three  types  as 
regards  relative  humidity,  viz. — 1.  Minimum  at  sunrise,  and  maximum  in  after- 
noon or  evening.  2.  Double  period :  twu  maxima  in  the  late  morning  and 
evening,  and  two  minima  in  the  early  morning  and  the  afternoon.  3.  Maximum 
in  the  morning  and  minimum  in  the  afternoon.  He  gives  the  stations  coming 
under  each  class,  and  proceeds  to  explain  the  causes  of  the  difference.  The 
third  paper  is  on  the  rainfall  of  the  south-west  of  the  Caucasus. 

Meteorology,  Practical  and  Applied.  By  John  William  Moobe,  B.A., 
M.D.  Sanitary  Series,  No.  1.  1895.  8vo.  445  pp. 
This  book  is  divided  into  four  parts.  The  introduction  is  followed  by  an 
account  of  the  methods  which  are  employed  in  practical  meteorology.  A  large 
portion  of  this,  howevor,  68  pages  in  all,  is  devoted  to  the  history,  work,  and 
publications  of  the  U.S.  Weather  Bureau.  The  third  part  treats  of  climate  and 
weather.  In  the  fourthtpart  some  of  the  practical  bearings  of  the  subject  are 
pointed  out.  The  author  also  discusses  the  question  of  the  influence  of  weather 
and  season  upon  disease.  The  work  is  copiously  illustrated  with  engravings  of 
instruments,  &c. 

Proceedings  of  the  Australasian  Association  for  the  Advancement  of  Science, 
1894.  8vo. 
Among  the  papers  read  before  the  Association  was  *'  Meteorological  Work  in 
Australia:  a  Review,"  by  Sir  C.  Todd,  F.R.S.,  which  gives  a  brief  and  succinct 
account  of  meteorological  work  in  Australia.  Sir  C.  Todd  traces  the  history  of 
the  meteorological  organisations  in  New  South  Wales,  Victoria,  South  Australia. 
Western  Australia,  Queensland,  Tasmania,  and  New  Zealand  ;  and  also  de- 
scribes the  present  condition  of  meteorological  science.  With  regard  to  South 
Australia,  the  three  principal  weather  conditions  are ; — 1.    A  continual  series  of 
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anticyclonic  areas,  which  in  the  winter  pass  over  the  interior,  coTering  the  whole  or 
greater  part  of  the  continent,  with  gradaal  falling  gradients  from  the  centre, 
while  in  the  summer  they  pass  along  or  near  the  south  coast.  2.  Cyclones,  dis- 
turbers of  the  peace,  but  bringing  fruitful  rains  ;  sometimes,  alas  1  disastrous 
floods.  These  are  mostly  of  tropical  origin,  and,  starting  on  a  west  to  south- 
west course,  they  re -curve  south  of  the  trade  belt,  and  move  to  the  south-east. 
Some — those  approaching  from  the  north-east  of  Australia — strike  the  east  coast 
of  Queensland,  others  enter  by  the  Gulf  of  Carpentaria,  and  passing  inland,  shed 
rains  over  the  western  interior  of  Queensland  and  New  South  Wales  ;  others 
pass  over  the  interior  from  the  north-west ;  whilst  others  again  pass  to  the  west 
of  Australia,  and  ultimately,  rounding  the  Leeuwin,  appear  as  a  south  coastal 
disturbance.  3.  Northerly  extensions  of  the  antarctic  low  pressure,  which  pass, 
ing  along  the  south  coast,  give  winter  rains,  and,  on  their  retreating  side,  south- 
westerly gales. 

Report  on  Meteorological  Obeeroations  in  British  East  /{frioa  for  1893*  By 
E.  G.  Ravbnbtbin,  F.R.Met.Soc.  1894.  8vo.  12  pp. 
This  Report,  which  is  published  by  authority  of  the  Directors  of  the  Imperial 
British  East  Africa  Company,  gives  a  summary  of  the  meteorological  recorda 
kept  at  Chuyu,  Mombasa,  Maiindi,  Maearini,  Lamu,  Witu,  and  Kisimayu,  on  or 
near  the  coast,  and  at  Machakos  and  Fort  Smith  in  Kikuyu  in  the  interior. 
The  rainfall  appears  to  decrease  very  rapidly  northward  along  the  coast.  Mr. 
Ravenstein  believes  that  the  mean  annual  rainfall  is  as  follows  : — Mombasa,  51 
ins.  ;  MiJindi  and  Jilori,  45  ins. ;  Magarini,  99  ins. ;  Lamu,  87  ins. ;  and 
Kisimayu,  11  ins. 

Symone's  Monthly  Meteorologioal  Magazine.  October-December  1894.  Vol. 
XXIX.  Nos.  845-847.  8vo. 
The  principal  articles  are  :  —Protection  from  Lightning  (2  pp^. — The  recent 
Drought  in  the  Midlands  :  by  Rev.  G.  T.  Ryves  and  Rev.  T.  A.  Preston  (5  pp.). 
— Enormous  Hailstones  (3  pp.).  On  August  26th,  1894,  a  number  of  violent 
thunderstorms  occurred  in  the  north  of  France  and  in  Belgium,  and  were  accom- 

?anied  by  hail  of  great  size.  It  is  reported  that  many  of  the  hailstones  weighed 
oz.  At  Blancfosse,  Oise,  some  of  the  hailstones  weighed  10|  oz. ;  at  Beau, 
court  hailstones  were  picked  up  weighing  nearlv  2  lbs. ;  while  at  Mdzi^res  one 
which  came  through  a  window  ami  broke  a  workbox  is  stated  to  have  weighed 
2  lbs.  10  oz. !  Sheep,  birds  and  game  were  killed  by  the  hailstones. — Rainfall 
at  Jerusalem  (4  pp.).  From  observations  extending  over  the  32  vears,  1861-1892, 
it  appears  that  vie  average  monthly  rainfall  at  Jerusalem  is  as  follows : — 


January 

February    .. 

March 

April 

May 

June 

The  yearly  total  is  25*23  in.,  with  55  rainy  days. 

The  mean  rainfall  is  almost  identical  in  total  with  that  in  London,  but  no  rain 
falls  between  May  and  October,  and  about  a  fifth  of  the  yearly  total  falls  in 
each  of  the  three  months,  December,  January,  and  February. — Storm  of  September 
20th,  1894,  at  Martinique  (2  pp.).— The  Floods  of  November  1894  (10  pp.). 
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WEATHER    FALLACIES. 

An  Address  delivered  to  the  Royal  Meteorologloal  Sooiety, 
January  16th,  1896. 

By  RICHARD  INWARDS,  F.R.A.S., 
Pbbsident. 


In  the  long  and  patient  porsait  which  the  attainment  of  all  accurate  know- 
ledge exacts  from  man,  it  may  sometimes  he  instractive  to  tarn  one's  gaze 
hack  ward  and  contemplate  the  errors  which  have  heen  corrected,  the  fallacies 
"which  have  heen  demolished,  and  the  superstitions  which  have  heen  lived 
^own;  and  this  consideration  has  prompted  me  to  take  for  the  subject  of 
1|^is  year's  Address  that  wide  range  of  human  opinions  which  may  fitly  be 
classed  under  the  head  of  '^  Weather  Fallacies." 

Nothing  could  have  been  more  in  accordance  with  the  law  of  growth  in 
other  branches  of  knowledge  than  that  Meteorology  should,  in  its  earliest 
dawn,  have  been  with  difficulty  able  to  emerge  from  the  mists  and  darkness 
of  guesses  and  surmises  such  as  have  surrounded  the  transfer  of  any  truth 
from  the  barbaric  to  the  philosophic  stage, 
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It  is  to  the  Greeks  that  we  must  look  for  the  first  real  weather  ohserva- 
tions  after  the  matter  had  passed  through  what  may  he  called  the  mere 
savage  phase;  and  we  find  Hesiod,  Theophrastus,  and  Aratus  presenting  us 
with  an  early  code  of  rules,  which  serve  at  least  to  show  us  how  little  we 
have  ourselves  advanced  in  some  matters  since  their  time. 

One  of  our  Fellows,  Mr.  J.  G.  Wood,  has  just  given  to  the  world  an 
excellent  and  scholarly  translation  of  the  work  of  Theophrastus,  which  has 
not  previously  heen  put  in  an  English  garh,  and  Mr.  Wood  has  done  the 
whole  country  a  great  service  in  giving  us  this  translation  of  the  Winds  and 
Weather  Signs,  a  hook  which  contains  a  host  of  rules  and  observations 
about  the  weather,  and  which,  as  might  have  been  expected  from  the  pro- 
duction of  the  favourite  pupil  of  Plato  and  Aristotle,  is  singularly  free  from 
errors  of  the  grosser  and  more  superstitious  kind,  such  as  were  plentifully 
produced  in  Western  Europe  many  centuries  later. 

But  long  before  the  time  of  Theophrastus,  and  probably  very  soon  after 
the  invention  of  agriculture  itself,  there  were  weather  gods  and  weather 
fallacies ;  for  we  find  that  Jupiter  Tonans  and  Pluvius — the  thunderer  and 
the  rain  maker — were  set  by  men  on  the  highest  pedestals.  And  centuries 
after  this,  Lucian  tells  us  that  it  was  usual  in  his  time  to  offer  prayers 
for  suitable  weather,  and  he  recounts  in  his  Dialogues  how  two  countr3rmen 
were  at  the  same  time  offering  up  contrary  petitions, — one  that  not  a  drop 
of  rain  might  fall  until  he  had  completed  his  harvest,  while  the  other  prayed 
for  immediate  rain,  in  order  to  bring  on  his  backward  crop  of  cabbages, — both 
suppliants  only  too  sure  to  find  that  the  ears  of  the  image  were  deaf  as  the 
stone  of  which  they  were  made,  and  that  the  wheels  of  the  universe  would 
not  wander  or  turn  back  for  any  selfish  ends  of  man. 

In  considering  these  early  times  when  the  weather  had  to  be  studied  from 
cloud,  sky  and  sea,  and  from  the  behaviour  of  the  animals  and  plants,  we 
must  be  ready  to  excuse  men  for  doing  that  which  is  still  too  frequently  a 
cause  of  error,  viz.  foretelling  what  they  most  wished  for,  and  putting  down 
as  universal  law  that  which  was  only  a  coincidence  of  totally  independent 
events.  In  considering  weather  fallacies  it  will  be  impossible  to  follow  a 
chronological  order,  so  I  shall  treat  them,  or  rather  a  small  portion  of  them, 
under  the  heads  of  saints'  day  fallacies,  sun  and  moon  fallacies,  and  those 
concerning  animals  and  plants,  while  finally  I  shall  consider  the  almanack 
makers,  weather  prophets  and  impostors  who  have  from  time  to  time  fur- 
nished the  world  with  materials  for  its  credulity  or  its  ridicule. 

The  first  class  of  weather  fallacies  which  1  shall  scarcely  more  than 
mention,  are  those  which  refer  to  the  supposed  connection  between  the 
weather  of  any  day  in  the  week  or  year,  and  that  of  any  other  period,  and  it 
may  be  as  well  to  state  at  the  outset  that  there  is  no  kind  of  foundation  in 
fact  for  any  of  these  so-called  rules.  They  are  for  the  most  part  born  of  the 
wish  to  see  certain  kinds  of  weather  at  certain  times  of  year,  and,  like  all 
these  predictions,  were  faithfully  remembered  when  they  came  true,  and 
promptly  forgotten  when  they  failed.     One  has  often  heard — 


**  Fine  on  Friday,  fine  on  Sunday," 
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Or  that  **  Friday  is  the  best  and  worst  day  of  the  week,"  and  the  superstition 
even  extends  to  hours  of  the  day,  for  we  have— 

*'  Bain  at  seven,  fine  at  eleven," 

which  is  only  another  way  of  saying  that  rain  does  not  usually  last  four 
hours,  and  the  rule  generally  fails  when  applied  to  daily  experience,  but  the 
host  of  proverbs  connected  with  saints*  days  are  more  difficult  to  deal  with, 
on  account  of  the  longer  time  which  elapses  between  the  prophecy  and  its 
fulfilment  or  failure.  All  or  most  of  these  proverbs  concern  the  days  of 
certain  saints,  though  I  think  no  one  imagines  that  this  is  anything  more 
than  a  convenient  method  of  fixing  the  date,  because  our  ancestors  had  a 
saint  for  every  day,  so  that  they  naturally  referred  to  the  day  by  his  name. 

There  are  forty  weather  saints,  among  the  most  prominent  of  whom  is 
undoubtedly  St.  Swithin,  whose  day  is  July  16th,  and  the  superstition  is 
that  if  it  should  rain  on  that  day  it  will  rain  for  40  days  after.  Now,  as 
Mr.  Scott  observes,  this  date  is  very  near  a  well  known  bad  time  in  wet 
years,  as  the  terms,  long  in  use,  of  **  St.  Margaret's  flood  "  and  **  Lammas 
flood  "  abundantly  testify.  The  fact  that  some  of  these  heavy  rains  began 
on  July  15th  has  been  enough  material  for  the  adage-monger,  and  so  we 
have  another  '^  universal  "  law  laid  down,  a  law  which  is,  however,  constantly 
broken,  as  every  student  of  the  weather  very  well  knows.  The  whole  thing 
is  a  fallacy  of  the  most  vulgar  kind,  and  ought  speedily  to  be  forgotten, 
together  with  all  the  adages  which  make  the  weather  of  any  period  depend 
on  that  of  a  distant  day. 

Turning  in  weariness  from  this  class  of  superstitions,  which  may  be  said 
to  belong  to  the  self- exploding  order,  we  are  next  met  by  an  extensive  array 
of  authorities  who,  under  the  protecting  shield  of  astronomy,  profess  to  have 
firamed  infallible  rules  for  the  weather  as  judged  from  the  ever-varying 
relative  positions  of  the  sun,  moon,  and  planets.  They  attack  us  systema- 
tically and  persistently,  appealing  to  analogy,  to  reason,  and  to  common 
sense.  But  it  is  sometimes  necessary  to  be  on  our  guard,  even  against 
common  sense,  in  considering  problems  to  which  uncommon  sense  has  for 
centuries  been  devoted  without  avail.  The  well-known  action  of  the  sun 
and  moon  upon  the  ocean  tides  is  generally  the  starting  point  of  these 
theorists,  and  it  is  soon  shown  to  common  sense  that  when  the  earth  is 
nearer  the  sun,  or  the  moon  is  nearer  to  the  earth  (it  being  remembered  that 
they  move  in  elliptic  orbits),  or  when  both  sun  and  moon  are,  as  it  were, 
pulling  together,  as  at  new  moon,  there  ought  to  bo  a  tide  of  atmosphere 
caused  by  their  influence  similar  to  the  tides  of  the  ocean,  which  such  agencies 
undoubtedly  produce.  But  we  find  that  whatever  so-called  reason,  analogy, 
and  common  sense  may  seem  to  dictate,  the  facts  will  not  follow  in  the  path 
marked  out  for  them ;  and  the  atmospheric  tides  refuse  to  ebb  and  flow, 
except  in  a  most  infinitesimal  degree,  quite  disproportioned  to  their  supposed 
moving  forces.  The  theorists  must  try  again,  and  they  do  so  by  pointing 
out  that  the  moon  and  earth  move  in  planes  which  are  inclined  to  each  other 
f^t  an  angle,  and  that  ^t  some  tim^s  of  the  year  the  (attraction  of  the  sun  and 
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moon  are  acting  in  somewhat  widely  diverging  lines,  whilst  at  others  they 
are  palling  more  nearly  in  the  same  plane.  Here  is,  they  say,  a  dear  case. 
At  times,  when  the  angle  is  greatest,  there  should  at  any  rate  be  worse 
weather  caused  by  the  conflicting  forces.  When  the  moon  is  said  to  be  **  on 
her  back,"  or,  in  other  words,  when  the  line  of  the  shadow  boundary  of  the 
half-moon  or  crescent  is  mnch  inclined  to  the  earth's  axis,  then  is  the  time, 
say  they,  for  tempests  and  commotions  to  come.  Bnt  again  the  spirits  from 
the  **  vasty  deep  "  do  not  come  when  called,  and  we  have  to  invent  other 
causes  for  our  earthly  disturbances. 

It  may  be  safely  said  that  a  new  moon  theory  as  to  the  weather  comes  out 
at  least  once  a  year,  and  it  has  been  attempted  to  connect  the  honoured 
name  of  Sir  William  Herschel  with  a  table  which  professed  to  show  the 
dependence  of  weather  changes  on  those  of  the  moon. 

By  the  kindness  of  Mr.  Symons  I  am  able  to  show  you  on  the  screen  a 
much  magnified  representation  of  this  production,  now  very  scarce,  and 
which  has  the  name  of  Herschel  in  large  capitals,  no  doubt  as  a  sort  of 
ballast  to  give  it  weight  and  steadiness,  though  it  does  not  definitely  state 
that  Herschel  had  anything  to  do  with  it.  Herschel's  own  letter  on  the 
subject  runs  as  follows  : — 


So  that  any  Fellow  of  this  Society  who  sees  one  of  these  diagrams  in  the 
future  will  know  that  it  is  a  fraud. 

Of  course  it  is  in  the  power  of  every  one  to  check  the  predictions  which 
are  so  often  issued  with  respect  to  the  changes  of  the  weather  taking  place 
at  the  change  of  the  moon  ;    but  many  eminent  men  have  occupied  them' 
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selves  with  the  subject,  and  the  result  is  that  no  correspondence  between 
the  two  classes  of  phenomena  has  been  established. 

Dr.  Horsley  examined  the  weather  tables  of  1774,  as  published  by  the 
Royal  Society,  and  out  of  46  changes  of  weather  in  that  year  only  10 
occurred  on  the  days  of  lunar  influence,  only  two  of  them  being  at  the  new 
moon,  and  none  at  all  at  the  full.  LI.  Flarguergues,  of  Viviers,  found  also 
as  the  result  of  20  years*  observations,  that  the  barometer  readings  taken 
when  the  moon  was  furthest  from  the  earth  averaged  765  millimetres,  and 
when  nearest,  754  millimetres,  showing  a  difference  of  1  millimetre  or  about 
■04  inch,  and  this  in  a  direction  against  the  theory,  the  pressure  being 
greater  by  that  amount  when  the  moon  was  farthest  from  the  earth. 

Various  other  weather  seers  have  pinned  their  faith  on  lunar  cycles,  and 
have  predicted  that  weather  changes  would  repeat  themselves,  as  soon  as  the 
sun  and  moon  got  back  into  the  same  relative  positions,  which  they  do  in  19 
years,  with  only  an  error  of  an  hour  and  a  half.  Others,  such  as  Mr.  G. 
Mackenzie,  advocated  a  cycle  of  54  years,  but  it  may  be  summarily  stated 
that  all  the  cycles  have  broken  down,  and  that,  as  far  as  we  know,  there  is 
no  definite  period  after  which  the  weather  changes  repeat  themselves. 

Other  fallacies  about  the  moon  are  numerous,  such  as  that  the  full  moon 
clears  away  the  clouds ;  that  you  should  only  sow  beans  or  cut  down  trees 
in  the  wane  of  the  moon ;  that  it  is  a  bad  sign  if  she  changes  on  a  Saturday 
or  Sunday ;  that  two  full  moons  in  a  month  will  cause  a  flood ;  that  to  see  the 
old  moon  in  the  arms  of  the  new  brings  on  rain,  and  many  others,  of  which 
a  catalogue  alone  would  take  up  a  good  deal  of  space.  M.  Flammarion  says 
that  '<  the  moon's  influence  on  the  weather  is  negligible.  The  heat  reaching 
us  from  the  moon  would  only  affect  our  temperature  by  12  millionths  of  a 
degree  ;  and  the  atmospheric  tides  caused  by  the  moon  would  only  affect  the 
barometric  pressure  a  few  hundredths  of  an  inch — a  quantity  far  less  than 
the  changes  which  are  always  taking  place  from  other  causes.''  On  the 
whole  we  are  disposed  to  agree  with  the  rhyme  which  thus  sums  up  the 
subject : 

The  moon  and  the  weather 
May  change  together ; 
But  change  of  the  moon 
Does  not  change  the  weather. 

Even  the  halo  round  the  moon  has  been  discredited,  for  Mr.  Lowe  found 
that  it  was  as  often  followed  by  fine  weather  as  by  rain,  and  Messrs.  Marriott 
and  Abercromby  found  that  the  lunar  halo  immediately  preceded  rain  in  84 
cases  out  of  61.  We  always  have  a  lingering  hope  that  some  future 
meteorologist  will  disentangle  the  overlapping  influences,  and  arrive  some 
day  at  a  definite  proof  that  our  satellite  after  all  has  something  to  do  with 
our  weather. 

About  the  sun,  also,  there  are  many  fallacies,  and  ever  since  the  discovery 
that  the  spots  which  appear  on  his  surface  have  a  period  of  greatest  and 
least  frequency,  there  have  been  theorists  in  shoals  who  have  sought  to  prove 
that  this  fact  rules  our  weather.    It  has  undoubtedly  been  found  that  the 
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frequency  of  son  spots  and  the  variations  of  the  magnetic  needle  are  inti- 
mately connected ;  and  it  is  almost  equally  well  established  that  the  aurora 
appears  and  disappears  in  some  sort  of  sympathy  with  the  sun  spot  varia- 
tions. But  this,  up  to  the  present,  is  as  far  as  we  can  get  in  this  direction, 
for  our  weather  seems  to  have  no  relation  whatever  to  these  changes. 

The  more  recent  discoveries  of  prominences  visible  round  the  disc  of  the 
sun  during  an  eclipse,  and  of  the  light  clouds  only  seen  in  M.  Deslandres' 
spectro-photographs,  will  no  doubt  call  oht  new  weather  theories  on  the 
subject.  And  I  must  confess  to  a  wish  that  those  mysterious  flame-like 
bodies  rushing  from  the  sun  millions  of  miles  into  space,  will  be  found  to 
have  some  influence  on  the  upper  layers  of  our  earth's  atmosphere ;  but  I 
also  hope  that  we  may  be  saved  from  a  theory  on  the  subject  until  more 
facts  are  before  us. 

Coming  down  to  earth  again,  we  are  met  by  a  long  array  of  fallacies  con- 
nected with  the  behaviour  of  animals  and  plants,  and  which  have  a  supposed 
connection  with  weather  changes.  Few  of  these  are  so  well  grounded  that 
they  may  be  considered  as  proved,  and  as  nothing  is  sacred  to  a  meteoro- 
logist, our  veteran  Fellow,  Mr.  E.  J.  Lowe,  F.R.S.,  has  endeavoured  to 
put  some  of  the  rules  from  this  source  to  the  test  of  definite  observation. 
He  took  a  number  of  well  known  signs  said  to  indicate  change,  and  carefully 
noted  what  happened  after  each  sign,  and  although  he  does  not  say  that  all 
indications  from  animals,  birds  and  plants  are  useless,  yet  certainly  those 
he  did  investigate  seemed  utterly  to  break  down. 

He  took  the  well-known  signs  of  bats  flying  about  in  the  evening,  many 
toads  appearing  at  sunset,  many  snails  about,  fish  rising  much  in  lake,  bees 
busy,  many  locusts,  cattle  restless,  landrails  clamorous,  flies  and  gnats 
troublesome,  many  insects,  crows  congregating  and  clamorous,  spider-webs 
thickly  woven  on  the  grass,  spiders  hanging  on  their  webs  in  the  evening, 
and  ducks  and  geese  making  more  than  usual  noise.  Mr.  Lowe  found  that 
in  861  observations  of  the  above  signs,  they  were  followed  213  times  by 
fine,  and  only  148  times  by  wet  weather ;  so  that  even  after  the  prognosti- 
cations for  rain,  there  was  a  greater  preponderance  of  fine  weather.  He 
called  a  day  fine  when  no  rain  was  measurable  in  the  rain  gauge.  Mr.  Lowe 
says  that  even  swallows  flying  low  cannot  be  depended  on,  as,  especially  at 
the  close  of  summer  and  autumn,  they  almost  invariably  skim  the  surface  of 
the  ground,  and  Mr.  Charles  Waterton,  the  naturalist,  decided,  after  careful 
observation,  that  the  unusual  clamour  of  rooks  forms  no  trustworthy  sign  of 
rain.  These  must,  therefore,  swell  the  list  of  fallacies,  although  there  are 
many  other  rules  which  have  not  been  so  carefully  examined,  but  which  may 
still  be  true.  My  own  impression  is  that  although  it  is  painful  to  dismiss 
the  animals  from  their  ancient  position  as  weather  prophets,  we  may  con- 
sider them  as  indicating  what  they  feel,  rather  than  as  predicting  what  is  to 
come,  and  that  their  actions  before  rain  simply  rise  from  the  dampness,  dark- 
ness or  chilliness  preceding  wet  weather,  and  which  render  these  creatures  un- 
easy, but  not  more  so  than  they  affect  man  himself.  The  sheep  turning  its 
back  to  the  wind  (one  of  the  best  known  signs  of  rain)  is  probably  only 
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that  it  may  shelter  its  least  protected  part  fi'om  the  effects  of  the  weather ; 
and  many  of  you  must  have  observed  sheep  sheltering  their  heads  from  the 
heat  by  getting  them  into  the  shade  of  each  other's  bodies  in  a  similar  way. 

As  to  cows  scratching  their  ears,  and  goats  uttering  cries,  and  many  other 
signs  of  bad  weather,  they  are  at  least  very  doubtful ;  whilst  the  adage  about 
the  pig  which  credits  him  with  seeing  the  wind,  carries  with  it  its  own  con- 
demnation. 

The  medicinal  leech  is  still  left  on  the  list  of  weather  prophets,  though  he 
has  no  doubt  had  his  powers  exaggerated  ;  and  two  books  have  been  written 
about  his  behaviour  during  changes  of  weather.  One  is  by  Mrs.  WooUams, 
who,  during  a  long  ilhiess,  watched  a  leech  in  a  bottle,  and  carefully  noted 
what  it  did  ;  and  the  other  is  by  a  gentleman  at  Whitby,  who  came  to  the 
conclusion  that  the  leeches  could  be  made  to  give  audible  and  useful  storm 
warnings.  So  he  contrived  the  instrument,  of  which  I  now  show  you  a 
drawing  taken  from  his  book.  No  one  would  imagine  from  its  appearance 
what  its  use  could  be.  It  consisted  of  12  glass  bottles  each  contaming  a 
leech  in  water,  and  so  arranged  in  a  circle,  in  order,  as  the  humane  inventor 
states,  that  the  leeches  may  see  each  other  and  not  endure  the  affliction  of  quite 
solitary  confinement — this  rather  reminds  us  of  Isaac  Walton,  who  told  his 
pupil  to  put  the  hook  into  the  worm  **  tenderly,  as  if  he  loved  it " — in  each 
bottle  was  a  metal  tube  of  a  particular  form,  and  which  was  made  somewhat 
difficult  for  a  leech  to  enter,  but  into  which  it  would  endeavour  somehow  to 
creep  before  a  thunderstorm,  according  to  its  nature.  In  each  tube  was  a 
small  piece  of  whalebone,  to  which  a  gilt  chain  was  attached,  and  so  arranged, 
on  the  mouse-trap  principle,  that  when  the  whalebone  was  moved  the  bell  at 
the  top  of  the  apparatus  was  rung  by  means  of  the  chain.  There  were  12 
leeches,  so  that  every  chance  was.  given  that  one  at  least  would  sound  a  storm 
signaJ.  The  author  called  this  apparatus  the  **  Tempest  Prognosticator,"  a 
name  which  he  preferred — and  I  think  we  shall  agree  with  him — to  that 
of  atmospheric  electric  telegraph  conducted  by  animal  instinct.  He  went  on 
to  state  in  his  little  book  that  he  could,  if  required,  make  a  small  leech  ring 
the  great  bell  of  St.  Paul  in  London  as  a  signal  of  an  approaching  storm. 
The  book  is  written  in  all  seriousness,  and  a  number  of  letters  are  appended 
from  gentlemen  who  certify  that  correct  atmospheric  indications  were  at 
various  times  given  by  the  leeches.  The  name  of  the  inventor  of  this  in- 
genious contrivance  was  Dr.  Merryweather — himself  a  learned  leech. 

Plants  have  also  their  advocates  as  weather  indicators  ;  and  there  is  no  doubt 
that  in  most  cases  they  act  in  sympathy  with  changes  in  the  dampness,  gloomi- 
ness, or  chilliness  of  the  air,  and  as  these  conditions  generally  precede  rain, 
one  cannot  term  the  indications  altogether  fallacious.  The  pimpernel  and 
the  marigold  close  their  petals  before  rain,  because  the  air  is  getting  damper, 
while  the  poplar  and  maple  show  the  under  surface  of  their  leaves  for  a 
similar  reason.  Indeed,  an  artificial  leaf  of  paper  may  be  made  to  do  the 
some  thing,  if  constructed  on  the  same  principle  as  the  natural  one — a  hard 
thin  paper  to  represent  the  upper  side  of  the  leaf,  and  a  thicker  unsized 
paper  for  the  lower  side ;  these  will,  if  stuck  together,  curl  up  or  bend  down 
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in  S3nnpaihy  with  the  hygroscopic  condition  of  the  air.  A  slip  of  ordinary 
photographic  paper  will  do  the  same,  and  will  carl  up  at  once  when  placed 
on  the  hand. 

The  same  slackness  which  moisture  produces  in  plants  applies  in  some 
degree  also  to  insects,  some  of  which  can  only  fly  in  sunshine,  so  that 
there  is  a  chain  of  weather  signs  all  following  from  a  little  dampness  in  the 
air.  The  flowers  close  their  petals  and  shut  in  their  lioney,  the  insects  can- 
not fly  so  high,  and  the  swallows  seeking  them  skim  the  surface  of  the  earth, 
and  even  then  the  threatened  shower  may  not  come. 

In  1892  attention  was  directed  to  a  plant,  the  abriu  precatorius,  a  beautiful 
shrub  of  the  mimosa  kind,  which  has  the  property  of  being  sensitive  in 
a  high  degree,  so  that  its  pinnate  leaflets  go  through  many  curious  move- 
ments, and  it  was  claimed  that  these  form  a  guide  of  unerring  certainty  to 
foreshow  the  coming  weather.  Even  earthquakes  were  said  to  be  predicted 
by  this  wonderful  plant.  If  it  closed  its  leaflets  upward,  after  the  manner 
of  a  butterfly  about  to  settle,  fair  weather  was  shown ;  when  the  leaflets 
remained  flat,  changeable  and  gloomy  weather  was  indicated  ;  while  thunder 
at  various  distances  was  to  be  foretold  by  the  curling  of  the  leaflets,  and  the 
nearer  the  thunder  the  greater  the  curl,  until  when  the  points  of  the  leaflets 
crossed,  the  thunderstorm  was  indicated  as  being  overhead.  Changes  of 
wind,  hurricanes,  and  other  phenomena  were  to  be  shown  by  the  various 
curious  and  beautiful  movements  of  the  leaflets  and  stalks.  These  move- 
ments undoubtedly  took  place,  but  when  the  plant  was  submitted  to  the 
unprejudiced  observation  of  Dr.  F.  W.  Oliver  and  Mr.  F.  £.  Weiss,  at  Eew 
Gardens,  those  gentlemen  failed  to  And  any  connection  between  these  move- 
ments and  the  weather,  and  Dr.  Oliver  made  a  report  on  the  matter,  which  hits 
the  heart  of  the  whole  subject  of  plant  movements,  by  ascribing  them  for  the 
most  part  to  the  agency  of  light  and  moisture.  Mr.  Scott,  of  the  Meteoro- 
logical Office,  gave  the  finishing  stroke  to  the  theory  by  proving  that  the 
movements  had  no  connection  with  either  cyclones  or  with  earthquakes,  so 
that  the  sensitive  plant  may  be  considered  as  out  of  the  list  of  weather 
guides,  in  spite  of  having  been  made  the  subject  of  an  English  patent. 

It  is  a  most  common  observation  in  the  country  that  a  large  crop  of  hips, 
haws,  and  holly-berries  indicates  a  severe  winter  to  follow,  and  it  is  generally 
pointed  out  that  nature  thus  provides  winter  food  for  the  birds.  This,  too, 
is  a  fallacy. 

Another  weather  fallacy,  for  which  artists  are  responsible,  is  that 
flashes  of  lightning  take  the  form  of  long  angular  lines  of  a  zigzag  shape, 
and  of  which  I  show  you  an  example,  taken  from  a  work  on  the  subject. 
This,  when  compared  with  the  next  view,  which  is  a  photograph  taken  direct 
from  nature,  shows  that  the  artist  had  very  little  understood  the  true  form 
of  the  lightning  flash,  which  consists  of  numbers  of  short  curves  joining  each 
other,  something  like  the  course  of  a  river  depicted  on  a  map,  or  in  some 
degree  like  the  outline  of  a  clump  of  leafy  trees  seen  against  the  sky.  But, 
as  far  as  I  know,  there  were  only  two  artists  whose  acute  vision  saw  lights 
ning  in  anything  like  its  true  form.     One  was  Turner,  who  long  before  the 
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time  of  photography,  scratched  his  lightning  flashes  with  a  penknife,  making 
short  carved  dashes  across  the  picture ;  and  the  other  was  Nasmjth,  the 
astronomer  and  engineer,  who  also  saw  the  lightning  in  its  true  form,  and 
daly  noted  the  same,  only  to  be  confirmed  years  afterwards,  when  it  became 
easy  to  photograph  the  lightning  flash  itself.  While  on  the  subject  of  light- 
ning, I  may  mention  that  it  is  recorded  that  in  one  case  at  least  a  rhenmatic 
man  who  had  been  confined  to  bed  six  weeks,  received  a  shock  from  a 
stroke  of  lightning,  jumped  from  his  bed,  and  ran  down  stairs  completely 
cured.     This  is  related  in  the  Gentleman's  Magazine  for  June  1820. 

It  has  been  ofben  stated  that  the  noise  of  cannon  will  produce  rain,  and  it 
is  not  anusual  in  the  Austrian  Tyrol  to  hear  the  church  bells  ringing  to 
avert  thunder.  These  are  fallacies.  The  experiments  in  America  made 
recently  to  test  whether  rain  could  be  produced  by  exploding  a  large  quantity 
of  gunpowder  in  the  air,  resulted  in  nothing  except  noise  and  smoke,  though 
the  thing  was  well  worth  trying. 

Empedocles  of  old  is  credited  with  the  invention  for  chasing  away  the 
Etesian  winds  by  placing  bottles  made  of  the  skins  of  asses  on  the  hills  to 
receive  them.  Timseus  relates  this.  After  hearing  this  about  Empedocles, 
one  is  not  surprised  to  learn  that  he  thought  there  were  two  suns,  that  the 
moon  was  shaped  like  a  dish,  and  that  the  sea  was  the  sweat  of  the  earth 
burnt  by  the  sun.    All  this  will  be  found  in  Stanley's  Lwes  of  the  Philosophers, 

Almost  in  our  own  time,  too,  a  ''pluvlfuge,"  or  machine  for  blowing  away 
rain,  was  proposed  to  be  constructed  in  Paris.     This,  too,  was  a  fallacy. 

To  give  an  account  of  all  the  various  ceremonies  in  savage  and  civilised 
countries,  which  have  been  resorted  to  for  the  purpose  of  changing  the 
course  of  the  weather,  would  be  here  impossible;  but  such  rites  have  a 
common  origin,  and  a  common  result.  They  begin  in  error,  and  end  in 
failure.  In  India,  the  rain-god  is  imagined  to  pour  down  showers  through 
a  sieve  ;  in  Peru  there  was  supposed  to  be  a  celestial  princess,  who  held  a 
vase  of  rain,  and  when  her  brother  struck  the  pitcher,  men  heard  the  shocks 
in  thunder.  In  Pol3mesia  rain  comes  from  the  angry  stars,  stoning  the 
sun ;  while  in  Burmah  it  is  still  the  custom  to  haul  down  rain  by  pulling  at 
a  rope.  New  Caledonia  has  its  regular  rain-making  class  of  priests,  and  in 
Mofiatt's  time  the  rain  makers  of  South  Africa  were  held  in  even  higher  esti- 
mation than  the  kings ;  and  on  the  other  side  of  the  world  the  Alaskan  pro- 
pitiates the  spirit  of  the  storm  by  leaving  tobacco  for  him  in  a  cave.  In  our 
own  country,  too,  there  have  been  weather  witches  of  various  grades,  and 
one  described  in  Drayton's  Moon  Calf: — 

**  Could  sell  winds  to  any  one  that  would 
Buy  them  for  money,  forcing  them  to  bold 
What  time  she  listed,  tie  them  in  a  thread 
Which,  ever  as  the  seafarer  undid 
They  rose  or  scantled  as  his  sails  would  drive 
To  the  same  port  whereat  he  would  arrive." 

The  Finlanders  at  one  time  drove  a  profitable  trade  by  the  sale  of  winds* 
After  being  paid,  they  knitted  three  magical  knots,  and  told  the  buyer  that 
when  he  untied  the  first  he  would  have  a  good  gale ;  when  the  seeond,  a 
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strong  wind  ;  and  when  the  third,  a  severe  tempest.^  Sir  Walter  Scott  also 
mentions  that  King  Eric,  also  called  **  Windy  Cap,"  could  change  the  direc- 
tion of  the  wind  hy  merely  tnming  his  cap  round  upon  his  head ;  and  old 
Scotch  women  are  mentioned  who,  for  a  consideration,  would  hring  the  wind 
from  any  desired  quarter.^  The  Mandan  Indian  rain-maker  had  a  rattle  by 
the  noise  of  which  he  called  down  rain  from  heaven  by  the  simple  process  of 
keeping  on  long  enough.     It  is  safe  to  say  that  these  are  all  fallacies. 

From  the  rain  makers  we  may  now  turn  for  a  moment  to  the  almanack 
makers,  and  any  one  who  will  look  up  an  old  almanack  of  the  early  part 
of  the  last  century,  will  find  the  greater  part  of  it  filled  with  lucubrations 
on  the  influence  of  the  stars  and  constellations ;  he  will  also  find  a  column 
giving  for  every  day  the  parts  of  the  body  which  are  particularly  under  the 
celestial  influences  on  the  given  dates,  aud  when  one  sees  for  the  first  time 
this  column  reading — head,  chest,  legs,  knees,  feet,  &c.,  one  wonders  what 
it  can  mean,  but  it  was  then  so  well  understood,  as  not  even  to  require  ex- 
planation, and  there  was  generally  too  a  rude  woodcut  of  a  hideous  human 
figure,  tatooed  with  the  various  signs  of  the  zodiac  to  show  the  same  thing. 
The  sort  of  knowledge  that  passed  for  meteorology  in  1708  may  be  learned 
from  the  following  extract  from  Meteorohguz  by  Mr.  Cock,  Philomathemat. 
1708, — a  rare  book  in  the  possession  of  Mr.  Symons. 

'*  The  twelve  signs  are  divided  into  four  sorts,  for  some  be  earthy,  others 
watery,  a  third  sort  aery,  and  the  ^urth  sort  is  fiery."  The  author  then  goes 
on  to  state  that  *'  Jupiter  in  the  Skinker  (whatever  that  may  be)  opposed  by 
Saturn  in  the  Lion  did  raise  mighty  South-west  winds  *  *  Obser\'e 
when  a  planet  is  in  an  earthy  sign  he  was  lately  dried  up  by  perambulating  a 
fiery  sign,  and  after  that,  immediately  having  made  his  progress  in  an  earthy 
sign,  is  quite  bound  up  from  moisture." 

It  seems  incredible  that  our  ancestors,  only'a  few  generations  back,  could 
have  bought,  paid  for,  and  believed,  such  stuff  as  this.  The  early  almanacks 
boldly  gave  a  prediction  for  the  weather  for  every  day  in  the  year  ;  but  after 
a  time  confined  themselves  to  a  general  statement  of  the  weather,  for  instance 
Partridge*8  Almanack  for  1885  has  the  following  prophesy  for  June.  **  Fer- 
tilising showers  attended  with  thunder  and  lightning." — this  does  for  the 
first  10  days.  '*  Fair  and  at  times  hot "  for  the  middle  of  the  month,  and 
«  refreshing  rain  for  the  grass  and  com  "  for  any  time  between  the  21st  and 
the  end  of  the  month. 

Authors  of  weather  almanacks  had  ahready  begun  to  seek  safety  in 
vagueness.  Some  of  these  almanacks  rose  to  a  great  popularity  on  the 
strength  of  one  lucky  guess ;  and  I  think  it  is  told  of  this  same  Partridge's 
almanack  or  some  other  of  the  class,  that  it  owed  its  reputation  to  a  curious 
prophesy  of  extraordinary  weather  for  July  81st,  when  hail,  rain,  snow, 
thunder,  &c.  were  freely  indicated.  Forgetting  that  the  month  had  81  days 
the  almanack  maker  had  omitted  to  insert  the  weather  prediction  for  the  last 

1  OlauB  Magnus,  Hiat.  of  the  Gothe,  1638. 
*  Kotes  to  The  PinOe. 
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day,  and  a  boy  was  sent  from  the  printing  office  to  know  how  the  space  was 
to  be  filled  up.  The  weather  prophet  was  too  busy  to  attend  to  him,  but 
at  last  in  a  passion,  said  :  **  put  down  hail,  rain,  snow,  thunder,  anything;'' 
and  the  boy  taking  it  literally  told  the  compositor  who  duly  set  into  type  the 
extraordinary  prediction,  and  which  by  a  freak  of  nature  came  true,  and 
made  the  fame  and  fortune  of  the  almanack  maker.  This  story  if  not  true 
is  at  least  **  ben  trovato,''  and  shows  the  force  of  the  bard's  statement 

*'  Oar  indlBcretion  sometimes  serves  as  well 
When  our  deep  plots  do  pall.'* 

The  British  Almanack  for  1881,  published  by  the  Useful  Knowledge 
Society,  had  no  weather  predictions. 

Patrick  Murphy  published  a  popular  weather  almanack,  and  his  fame  is 
said  to  have  commenced  by  a  lucky  hit  in  one  of  the  earlier  issues  by  which 
he  indicated  which  would  be  the  coldest  day  of  the  year.  There  is  a  copy  of 
this  almanack  for  1888,  in  the  library  of  the  Society,  and  some  former 
owner  has  evidently  taken  the  trouble  to  pencil  in  the  actual  weather  opposite 
to  that  predicted.  There  were  according  to  this  annotation  89  incorrect  fore- 
casts, 91  doubtful,  and  the  rest  correct. 

This  Patrick  Murphy  was  not  a  mere  charlatan.  He  had  a  system,  and 
though  he  differed  from  Sir  Isaac  Newton  and  the  Royal'  Astronomical 
Society,  he  gave  much  study  and  research  to  the  subject  of  meteorology — as 
shown  by  his  various  books.  There  was  an  Astro -Meteorological  Society  as 
late  as  1861,  and  we  have  some  numbers  of  its  Records  in  our  library. 

Next  comes  the  subject  of  weather  prophets  as  distinguished  from  mere  alma- 
nack makers ;  and  who  profess,  sometimes  for  pelf,  at  other  times  for  honour 
and  glory,  to  predict  the  weather  for  any  future  date.  These  are  always 
arising,  and  they  do  not  lack  a  certain  number  of  followers,  who,  possessing 
a  large  angle  of  credence,  duly  trumpet  forth  the  successes  of  their  chiefs, 
when  they  are  so  fortunate  as  to  make  any.  The  stock-in-trade  of  a  prophet 
is  of  a  slender  and  cheap  description.  He  must  have  an  inventive  mind,  a 
store  of  self-confidence,  an  insensibility  to  ridicule,  and,  above  all,  a  keen 
memory  for  his  successes,  and  a  prompt  forgetfulness  of  his  failures.  He 
should  by  choice  have  a  theory,  and  this  should  be  of  the  elastic  order,  so 
that  if  a  predicted  event  does  not  punctually  occur,  he  will  be  ready  with  a 
sort  of  codicil  to  amend  it.  Hence  we  find  that  the  firing  of  guns  has  been 
cited  as  a  sufficient  reason  for  falsifying  a  weather  prediction ;  and  railways 
too  are  said  to  have  an  adverse  influence,  one  author  (not  a  prophet)  telling 
us  that  they  may  be  considered  as  '*  large  winnowing  machines,  perpetually 
fanning  and  agitating  the  air  with  prodigious  power,  ploughing  the  air  as  it 
were  and  causing  waves  of  vast  extent,  which,  invisibly  enlarging  like  the 
waves  of  the  ocean,  probably  meet  each  other,  clash,  and  produca  modified 
effects,  as  resultants  from  adverse  motions." 

One  of  the  first  weather  prophets  mentioned  in  that  delightful  old  book, 
Stanley's  Lives  of  the  Philosophers,  was  Democritus,  the  Milesian,  known  as 
the  **  laughing  philosopher,"  who  foresaw  a  dearth  of  olives,  and  by  buying 
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np  all  he  could  get  might  have  made  a  fortune,  hut  gave  it  hack  to  the  har* 
gainers  with  the  remark,  '*  yon  can  see  now  that  a  philosopher  can  get  rich 
when  he  pleases."  Then  there  was  Pherecydes,  of  whom  P3rthagoras 
was  a  favourite  pupil,  who  predicted  an  earthquake  three  days  in 
advance  by  the  taste  of  the  water  from  a  certain  well.  Perhaps  the 
earliest  of  all  was  Elijah,  who  from  the  top  of  Carmel  pointed  out  the 
coming  squall  cloud,  and  predicted  a  great  rain.  He  forms  a  good  model 
for  imitation  to  the  modem  weather  prophets,  for  he  did  not  ptophecy  until 
he  saw  the  storm  coming,  and  he  made  no  secret  of  his  method.  We  have 
still  amongst  us  in  our  country,  mostly  without  honour,  seers  who  supply  us 
with  weather  predictions  in  various  forms,  from  the  modest  duodecimo  alma- 
nack to  the  flaring  broadsheet  which  compels  attention ;  but  it  would  be  a 
task  too  long  to  enter  on  a  systematic  refritation  of  their  contradictory 
guesses  at  the  weather.  The  last  of  these  broadsheets  that  caught  my  eye 
had  for  the  days  of  the  gale,  which  Mr.  0.  Harding  has  described  to  us,  the 
tame  announcement  of  "  generally  overcast."  This  did  not  err  on  the  side 
of  boldness  when  considered  with  reference  to  one  of  the  severest  gales  of 
the  century. 

A  Spanish  peasant  whom  I  heard  of  in  Andalucia,  and  who  had  the  repu- 
tation of  a  weather  prophet,  wisely  said,  if  you  want  to  know  the  weather  for 
to-morrow,  ask  me  early  in  the  morning.  The  Indian  weather  prophets  who 
made  a  failure  had  to  be  silent  altogether  for  the  rest  of  their  lives  ;  and  this 
causes  us  to  regret  that  some  of  our  own  seers  were  not  bom  in  that  distant 
land. 

As  to  the  so-called  weather  forecasts,  they  only  come  under  the  title  of 
this  paper  when  they  fail,  and  as  8  out  of  10  are  said  to  be  correct,  I  shall 
only  say  that  they  are  honest  attempts  on  the  part  of  civilised  governments 
to  warn  their  people  as  far  as  possible  against  the  march  of  known  disturb- 
ances. I  could  wish  that  the  term  '<  weather  indications*'  or  ''indicated 
weather  "  had  been  adopted,  so  as  to  make  this  plain  to  all,  and  that  oftener, 
when  the  signs  were  vague,  we  had  the  simple  announcement  of  no  change 
indicated. 

The  director  of  this  system  so  well  known  to  us,  and  who  is  playfully 
called  the  **  Clerk  of  the  Weather,"  sometimes  receives  valuable  hints,  even 
from  children ;  and  I  must  quote  one  such  communication. 

**  Please,  Mr.  Clerk  of  the  Weather,  tell  the  rain,  snow  and  hail  to  stop 
for  the  aftemoon,  and  rain  in  the  night." 

I  may  conclude  this  section  by  saying  that  it  is  a  great  fallacy  to  suppose 
that  there  is  such  a  thing  as  a  weather  prophet.  All  the  great  authorities 
agree  that  in  the  present  state  of  our  knowledge  no  human  being  can  cor* 
rectly  predict  the  weather,  even  for  a  week  to  come. 

And  now  we  must  consider  a  class  of  weather  fallacies  of  which  the 
victims  can  only  excite  in  a  well  regulated  mind  feelings  of  sadness  and 
compassion,  rather  than  the  ridicule  to  which  at  first  sight  they  seem  more 
naturally  entitled.  I  mean  those  weather  prophets  in  whom  the  delicate 
mechanism  of  the  mind  is  touched  by  disorder  or  decay,  even  if  it  has  not 
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already  fallen  under  the  stroke  of  complete  dementia,  and  who  believe  that 
they  can  not  only  foresee  the  weather,  but,  by  an  effort  of  their  own  minds, 
control  the  elements  and  compel  the  clouds. 

These  patients  I  had  hoped  only  existed  in  small  numbers;  but,  on 
perusing  the  correspondence  of  a  prominent  meteorologist,  kindly  lent  me 
for  the  purpose,  I  find  that  there  are  many  of  this  class  whose  name,  like 
that  of  the  ancient  wanderer  among  the  tombs,  is  *'  Legion,'*  and  who  still 
come  on,  each  prepared  to  drive  the  chariot  of  the  sun,  or  by  an  exertion  of 
his  own  will,  odylize  (the  word  I  suppose  will  come)  all  the  powers  of 
nature. 

Hear  what  Dr.  Johnson's  Astronomer  says  in  RamUu: — '*  Hear  me, 
therefore,  with  attention.  I  have  diligently  considered  the  position  of  the 
earth  and  sun,  and  formed  innumerable  schemes,  in  which  I  changed  their 
situations.  I  have  sometimes  turned  aside  the  axis  of  the  earth,  and 
sometimes  varied  the  ecliptic  of  the  sun,  but  I  have  found  it  impossible 
to  make  a  disposition  by  which  the  world  may  be  advantaged.  What  one 
region  gains  another  loses.  Never  rob  other  countries  of  rain  to  pour  it 
on  thine  own." 

This  type  of  patient,  as  well  as  those  who  would  use  their  supposed 
power  for  the  purpose  of  creating  fine  weather  during  the  holidays  of  the 
people,  belong  to  the  more  noble  sort,  but  there  have  been  others,  like  the 
notorious  Friar  Bungay,  who  for  sordid  reasons  have  professed  to  exert  a 
similar  power.     The  only  wonder  is  that  anybody  ever  believed  them. 

Now,  as  this  malady  of  the  mind  is  not  incurable,  I  will  venture  to  offer  a 
practical  suggestion,  and  would  recommend  these  patients  who  have  nursed 
themselves  into  the  belief  that  they  possess  the  keys  of  the  weather,  to  seek 
the  hill  top  on  a  summer  afternoon — the  air  and  exercise  will  do  them  good 
— and  watch  the  fine  fleeces  of  cumulus  cloud  as  they  sail  majestically  across 
the  sky,  each  with  its  attendant  shadow  below.  Let  the  patient  concentrate 
his  attention  upon  one  single  feathery  cloud,  and  try  by  the  exertion  of  his 
utmost  force  of  will  to  make  it  pause  for  a  moment  in  its  career  ;  and,  if  he 
fails — <*  as  fail  fuU  well  he  may  " — then  let  him  banish  from  his  mind  for 
ever  the  idea  that  he  can  by  his  own  will  dominate  the  whole  firmament. 
And  if  he  has  ever  gone  into  print  upon  the  subject,  let  him  go  home  and, 
like  Prospero,  his  prototype,  say : — 

"  Deeper  than  ever  plammet  sounded, 
ril  drown  my  book/* 

and  so  save  the  world  from  the  trouble  of  investigating  much  pure  nonsense. 
To  these  sufferers  I  can  only  repeat  the  words  of  one  of  our  own  kings  to 
the  last  man  he  touched  for  .the  evil — **  I  wish  you  better  health  and  more 
sense." 

I  must  be  forgiven  for  having  onlv  made  a  selection  from  the  vast  catalogue 
of  fallacies  which  have  accumulated  about  the  subject,  and  I  must  con- 
tinue to  regret  that  there  are  still  people  who  are  ready  to  believe  that 
the  saints'  days  rule  the  weather,  that  the  sun  puts  out  the  fire,  that  warm 
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water  freezes  sooner  than  cold,  or  that  a  man  is  a  prophet  hecanse  he  says 
so  himself. 

This  Society  is  clearing  the  ground  of  many  weeds,  and  already  the 
fallacy  of  the  **  equinoctial  "  gales  has  been  exploded  (by  Mr.  Scott),  whOe 
the  churchyard  ghost  of  the  supposed  fatal  "  green  Christmas  '*  has  been 
most  effectually  laid  by  a  recent  statistical  paper  by  Mr.  Dines. 

Some  one  may  ask,  after  all  this  clearing  away  of  fallacies — What  have  we 
left  ?  and  I  would  venture  to  refer  him  to  all  the  patient  work  which  is 
being  done  in  various  countries,  and  by  which  a  real  Science  of  Meteorology 
is  being  slowly  built  up,  while  to  the  outdoor  weather  student  I  would  offer 
this  consoling  reflection — There  is  still  the  sky. 


REPORT    OF    THE    COUNCIL 

FOR    THE    ^EAR    1894. 

In  presenting  their  Report,  the  Council  have  to  congratula  e  the  Society 
on  its  steady  progress  during  the  past  year.  There  is  a  slight  increase  in 
the  number  of  Fellows  elected,  over  the  number  elected  in  1898,  and  the 
balance  at  the  bank,  at  the  end  of  the  year,  is  larger  than  the  balance  then 
brought  forward. 

Committees. — The  Council  have  been  materially  assisted  by  several 
Committees,  which  have  been  constituted  as  follows  : — 

Editing  Committee. — The    President,  Rear-Admiral  Maclear,  and    Mr. 

Scott. 

Exhibition  Committee,— The  President,  Secretaries,  Foreign  Secretary, 
Messrs.  T.  W.  Baker,  Ellis,  and  Capt.  Wilson-Barker. 

Fog  Committee.— The  President,  Secretaries,  Foreign  Secretary,  Messrs. 
Ellis,  Russell,  and  Williams. 

General  Pdbposes  Committee.— The  President,  Secretaries,  Foreign 
Secretary,  Treasurer,  Messrs.  Ellis,  Latham,  and  Williams. 

Wind  Force  Committee. — The  President,  Secretaries,  Foreign  Secretary, 
Messrs.  Chatterton,  Curtis,  Dmes,  C.  Harding,  and  Munro. 

House  Accommodation  Committee. — The  President,  Secretaries,  Foreign 
Secretary,  and  Dr.  Williams. 

Exhibition. The  Exhibition  of  the  year  was  both  interesting  and  in- 
structive. It  illustrated  "  Clouds  :  their  Representation  and  Measurement," 
and  was  held,  as  usual,  in  the  rooms  of  the  Institution  of  Civil  Engineers, 
and  was  open  from  April  10-20.  There  were  135  exhibits,  classified  as 
follows  : — 

(1)    Instruments  for  ascertaining  the  direction  of  motion,  and  the  height 

of  clouds, 
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(2)  Thermometerfl. 

(8)  Hygrometers,  evaporators,  &o. 

(4)  Marine  instraments. 

(5)  Anemometers. 

(6)  Travellers*  instraments. 

(7)  Barometers. 

(8)  Sketches  and  photographs  of  clouds. 

(9)  Sketches  and  photographs  of  meteorological  phenomena. 

(10)  Photographs  and  diagrams  of  instraments.  * 

(11)  Lantern  slides  and  transparencies. 

The  exhibit  by  Mr.  W.  Dillworth  Howard  attracted  general  attention.  It 
consisted  of  a  portrait  of,  and  two  original  drawings  of  clouds  by,  his  grand- 
father, the  celebrated  Luke  Howard,  F.B.S.,  the  author  of  the  Modifications 
of  Clouds,  1808.  Through  the  kindness  of  Mr.  Dillworth  Howard,  a  copy 
of  the  portrait  appears  as  a  frontispiece  to  the  July  number  of  the  Quarterly 
Journal. 

Lectures. — A  suggestion  having  been  made  that  a  course  of  lectures  on 
''  Meteorology  in  Relation  to  Hygiene "  would  be  much  appreciated  by 
Medical  Officers  of  Health  and  others,  the  Council  approached  the  Sanitarj' 
Institute  on  the  subject,  the  result  being  that  a  course  of  six  lectures  was 
given  under  the  joint  supervision  of  the  Society  and  the  Institute,  between 
April  28rd  and  May  10th,  at  the  Parkes  Museum,  as  follows : — 

(1)  April  23rd,  by  G.  J.  Symons,  F.R.S.,  on  **  Instruments  and  Obser- 
vations and  their  Representation.*' 

(2)  AprU  26th,  by  H.  R.  MUl,  D.Sc.,  F.R.S.E.,  on  "  Temperature  of  Air, 
SoU,  and  Water." 

(8)  April  80th,  by  R.  H.  Scott,  M.A.,  F.R.S.,  on  **  Barometric  Condi- 
tions and  Air  Movements.'* 

(4)  May  8rd,  by  W.  Marriott,  F.R.Met.Soc,  on  **  Moisture,  its  Deter- 
mination and  Measurement.** 

(5)  May  7th,  by  C.  Theodore  Williams,  M.A.,  M.D.,  F.R.C.P.,  on 
''  Climate  in  Relation  to  Health,  and  the  Geographical  Distribution  of  Disease.*' 

(6.)  May  10th,  by  F.  Gaster,  F.R.Met.Soc,  on  "Fog,  Clouds,  and 
Sunshine." 

These  lectures  were  printed  by  the  Sanitary  Institute  in  their  Journal^ 
and  through  the  kindness  of  a  membef  of  our  Council  extra  copies  of  the 
part  containing  the  lectures  were  obtained  from  the  Institute  in  sufficient 
numbers  to  ensure  the  distribution  of  one  copy  to  each  Fellow. 

Stations. — Observations  have  been  accepted  from  the  following  new  Sta- 
tions : — Penzance,  Cornwall ;  and  Haverfordwest,  Pembrokeshire.  The 
observations  have  been  discontinued  at  Lynsted,  Newton  Reigny,  and 
Carmarthen.  Copies  of  detailed  monthly  returns,  and  annual  summaries  of 
results  have  been  supplied  as  usual  to  the  Meteorological  Office. 

Inspection  of  Stations. — All  the  Stations  south  of  lat.  62^  N.  and  east  of 
long.  2°  W.,  and  such  new  stations  as  could  be  conveniently  visited,  have 
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been  inspected,  and  been  foand  to  be,  on  the  whole,  in  a  satisfactory  con- 
dition. Mr.  Marriott,  in  his  Report  (which  will  be  found  in  Appendix  I., 
p.  65),  states  that  he  has  called  the  special  attention  of  the  observers  to  the 
necessity  of  carefully  adjusting  the  Campbell- Stokes  sunshine  recorder. 

Research  Fund, — This  fund  has  been  augmented  by  a  donation  of  £10 
from  Mr.  W.  M.  Beaufort,  and  also  by  the  sum  of  £2  Is.  6d.  interest 
received. 

Donations, — Considerable  additions  have  been  made  to  the  Library 
during  the  year,  of  which  a  list  will  be  found  in  Appendix  V.,  p.  81. 
Several  photographs  and  lantern  slides  have  been  received  from  different 
donors. 

Quarterly  Journal. — This  publication  has  contained  several  papers  of 
considerable  interest,  more  particularly  those  dealing  with  storms  and  wind 
force  measurement. 

Meteorological  Record, — This  publication  has  been  brought  up  to  June, 
1894,  and  is  now  in  the  fourteenth  year  of  its  existence. 

Phenologieal  Report, — This  interesting  and  instructive  annual  Report  was, 
as  usual,  prepared  and  was  read  by  Mr.  Mawley  at  the  February  meeting,  and 
it  is  satisfactory  to  find  that  the  number  of  observers  has  been  well  maintained. 

Offices, — ^Early  in  the  year  the  Council  were  informed  that  the  remaining 
room  on  the  second  floor  of  22  Great  George  Street,  would  be  vacant  at 
Michaelmas.  A  Committee  was  appointed  to  consider  the  desirability  of 
increasing  the  accommodation,  and  on  receiving  their  report  the  Council, 
having  regard  to  the  growing  needs  of  the  Library,  took  the  room  on  a  lease 
similar  to,  and  running  concurrently  with,  the  old  lease.  The  room  has  now 
been  furnished,  and  is  a  great  acquisition  to  the  Society. 

Hour  of  Meeting, — The  change  of  the  hour  of  the  evening  meetings  from 
7  p.m.  to  8  p.m.  has  not  proved  conducive  to  a  large  attendance,  owing  to 
the  late  hour  to  which  the  business  extended,  and  the  Council  in  view  of  this 
fact,  and  of  numerous  representations  made  to  them,  decided  to  alter  the 
time  of  commencement  to  7.80  p.m.  during  the  coming  Session,  and  to  close 
every  meeting  not  later  than  9.80  p.m.  The  Council  hope  that  this  arrange- 
ment will  be  found  more  convenient. 

Fellows. — The  changes  in  the  number  of  Fellows  are  exhibited  in  the  fol- 
lowing table,  which  shows  an  increase  of  six  daring  the  year. 


Fellows. 

Annual. 

Life. 

Honorary. 

Total. 

1898,  December  81st... 

406 

185 

17         ' 

558 

Since  elected 

+  89 
-10 
-24 

-  1 

-  1 

+4 
-1 
... 

+2 
-2 

+45 
-13 
-24 

-  1 

-  1 

Deceased 

Retired 

Lapsed 

Defaulter   

1894,  December  81st... 

409 

188 

17 

564 
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Deaths. — ^The  Oouncil  have  to  axmoonce  with  mnch  regret  the  deaths  of 

eleven  Fellows,  and  of  two  Honorary  Members.  The  names  are  : — 

Edwin  Clark,  M.Inst.C.E.,  F.R.A.S.  elected  Mar.  19,  1862. 

Padre  Francisco  Denza  (Honorary  Member)  „     June  15,  1870. 

Wilhelm  A,  von  Freeden  (Honorary  Member)  „     June  17,  1874. 

George  Gamett,  M.Inst.O.E.  „    May  17,  1876. 

John  Hill,  M.Inst.C.E.  „     Nov.  16,  1881. 

Robert  Lawson,  LL.D.,  F.S.8.  „    Apr.  18,  1888. 

John  Lovel  „     Mar.  18,  1891. 

Henry  Bean  Maokeson,  F.G.S.  „    Nov.  16,  1881. 

Capt.  John  Shortt,  B.N.  [died  in  1898]  „    Dec.  18,  1889. 

William  Topley,  F.B.S.,  F.G.S.,  Assoc.Inst.C.E.  „    June  15,  1892. 

Bev.  John  Turner  Wilkinson,  M.A.,  LL.D.  „    Dec.  19,  1888.  , 

Henry  Woolcock,  Assoc.M.Inst.CE.  [died  in  1892]  „    Dec.  17,  1890. 

Henry  Yool  „    Nov.  20,  1878. 


APPENDIX  L 
Inspection  of  Stations,  1894. 

All  the  stations  in  the  south-eastern  part  of  England  (that  is  south  of 
52°  N.  lat.,  and  east  of  2°  W.  long.),  as  well  as  three  new  stations  in  the 
south-west,  have  been  visited  daring  the  year,  and  were  found  to  be 
generally  in  a  satisfactory  condition. 

The  observers  appear  to  take  an  intelligent  interest  in  the  work,  and  to 
be  amdous  to  supply  trustworthy  data  from  their  stations. 

The  number  of  thermometers  tested  has  been  141.  Changes  of  zero  have 
taken  place  in  12  thermometers ;  8  mercurial  having  risen  and  4  spirit 
having  gone  down  since  the  last  examination.  In  a  few  cases  the  ther- 
mometer tubes  had  shifted  somewhat,  so  that  the  divisions  on  the  tube  did 
not  coincide  with  those  on  the  scale.     These  I  a^usted  where  possible. 

Some  of  the  maximum  and  minimum  thermometers  had  back  plates  with 
ring  only.  In  such  oases  I  either  put  on  fresh  back  plates  having  a  hole 
and  slot,  or  subsequently  forwarded  them  to  the  observer  for  him  to  put  on. 

At  one  station  the  maximum  thermometer  was  out  of  order,  and  had  been 
so  for  several  weeks.  This  is  the  first  instrument  of  the  Negretti  and 
Zambra  pattern  which  I  have  found  to  fail,  and  act  as  an  ordinary  ther- 
mometer, after  2  or  8  years'  service. 

Most  sunshine  recorders  of  the  Campbell- Stokes  pattern  were  somewhat 
out  of  adjustment,  the  glass  ball  not  being  in  the  centre  of  the  frame.  This 
is  readily  tested  by  passing  a  sovereign  round  between  the  ball  and  the  card. 
If  the  sovereign  passes  round  uniformly,  the  ball  is  in  the  centre  of  the  frame ; 
but  if  it  sticks  at  any  point  the  instrument  requires  readjustment.  This  is 
done  by  moving  the  pedestal  until  it  is  quite  in  the  centre  of  the  frame. 

IIJBW  SEBIBS. — ^VOL.  XZ|.  ^ 


Digitized  by 


Google 


66  BEPOBT  OF  THB  OOUNOIL. — APPENDIX  I. 

In  what  is  called  the  **  amversal  sonshine  recorder  "  the  ball  is  kept  in 
position  by  being  clamped  axially.  Unless  this  be  very  carefdly  adjusted 
and  attended  to,  the  ball  will  slide  down  a  little  and  put  the  instrument  out  of 
focus  ;  furthermore,  the  edge  of  the  frame  will  also  cut  off  the  early  and  late 
rays  of  the  sun.     Consequently  some  of  the  record  will  be  lost. 

I  would  recommend  all  observers  who  have  a  burning  recorder  to 
occasionally  test  this  adjustment  by  simply  passing  a  sovereign  round 
between  the  ball  and  the  card. 

William  Mabbiott. 
October  13th,  1894. 


NOTES  ON  THB  STATIONS. 

Addington  Hill,  September  13th. — The  observations  appeared  to  be 
correctly  taken,  and  the  instruments  to  be  kept  in  good  order.  The 
maximum  thermometer  (Negretti  and  Zambra*s  pattern)  had  for  a  few  weeks 
been  acting  as  an  ordinary  thermometer.  As  the  constriction  had  evidently 
become  ineffective,  I  recommended  that  the  thermometer  be  sent  forthwith 
to  the  makers  for  repair.  I  put  on  fresh  back  plates  to  the  minimum  ther- 
mometer.    The  screen  required  painting. 

Addisoombe,  September  13th. — Miss  Mawley  had  removed  from  Lucknow 
House,  but  the  instruments  still  remained  in  the  garden,  the  observations 
being  taken  by  the  gardener.  It  is  probable  that  the  station  will  be 
discontinued  at  the  end  of  the  year.     There  was  no  change  in  the  instruments. 

AsPLET  Guise,  September  11th. — This  station  was  in  good  order,  but  as 
Mr.  Dymond  was  away  from  home  I  did  not  test  the  thermometers.  The 
ball  of  the  sunshine  recorder  was  not  quite  in  the  centre  of  the  frame. 

Beddington,  September  13th. — This  station  was  in  good  order.  The 
tubes  of  the  thermometers  required  fixing  and  adjusting. 

Bennington,  September  21st. — This  station  was  in  good  order.  On 
comparing  the  thermometers  it  was  found  that  the  grass  minimum  had  gone 
down  0°-6. 

Bebkhaksted,  September  11th. — This  station  and  all  the  instruments  were 
in  good  order.  The  ball  of  ^the  sunshine  recorder  was  not  in  the  centre  of 
the  frame. 

BexhuiL-on-Sea,  September  5th. — ^I  found  that  Mr.  C.  Wiggins  had  charge 
of  Mr.  Tenison's  instruments,  but  that  he  was  not  observing  with  them, 
nor  could  he  undertake  to  supply  records.  He  promised,  however,  to 
forward  the  sunshine  values  from  the  Jordan  recorder,  which  is  still 
continued  at  the  Coast  Guard  station. 

BouBNEMOUTH,  Augusf  21st. — I  inspected  and  examined  the  instruments 
at  the  stations  both  at  the  Cemetery  and  the  Coast  Guard.  The  Corporation 
have  not,  however,  yet  decided  that  the  results  of  the  observations  may  be 
published  by  the  Society. 

Bbighton,  September  4th. — There  was  no  change  in  the  thermometers. 
The  grass  minimum  had  some   spirit   separated.       The    screen  required 
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painting.  As  it  is  possible  that  the  spray  from  the  fountain  may  sometimes 
reach  the  rain  gauge,  I  recommended  that  the  display  of  water  should  be 
regulated  in  windy  weather,  or  the  rain  gauge  moved.  The  ball  of  the 
sunshine  recorder  was  not  quite  in  the  centre  of  the  frame.  This  I  adjusted. 
The  upper  part  of  the  frame  for  the  small  (winter)  cards  is  taken  off  in  the 
summer  to  prevent  the  ends  cutting  off  the  sun's  rays. 

CHELMsroBD,  Atigust  31st, — There  was  no  change  in  the  thermometers. 
The  minimum  had  a  little  spirit  at  the  top  of  the  tube  which  I  shook  down. 
The  screen  required  painting  and  also  to  be  made  firmer. 

CaANLEiGH,  July  20th, — This  station  is  at  the  Surrey  County  School ; 
and  the  instruments  are  in  a  railed  off  enclosure  in  a  field  on  ground  sloping 
to  the  south.  I  recommended  that  the  position  of  the  maximum  be  altered 
in  the  screen.    The  grass  minimum  had  some  spirit  at  the  top  of  the  tube. 

DiTOHLDra,  September  4th. — The  instruments  are  placed  on  a  small  lawn, 
and  are  surrounded  by  wire  netting  about  6  feet  high.  I  recommended  that 
this  should  be  reduced  to  about  8  feet  only.  Ditchling  Beacon  is  nearly  two 
miles  to  the  south,  and  rises  to  a  height  of  750  feet. 

Eastboubnb,  September  6th. — On  comparing  the  thermometers  I  found 
that  the  minimum  read  0°*2  too  low.  The  index  of  the  grass  minimum  did 
not  move  freely  down  the  tube ;  there  was  also  a  speck  or  two  of  dirt. 
Evidently  the  tube  was  imperfect,  and  this  accounted  for  the  index  sometimes 
getting  out  of  the  spirit.  The  screws  for  the  maximum  and  minimum 
required  tightening  to  prevent  vibration.  Scarlet  runners  had  been  allowed 
to  grow  somewhat  near  the  rain  gauge.  The  sunshine  recorder  is  on  the 
tower  of  the  Grand  Hotel.  The  ball  was  not  quite  in  the  centre  of  the  frame. 
Folkestone,  September  7th. — ^This  station  is  at  the  Sanatorium  on  the 
East  Cliff.  The  instruments  are  in  a  small  railed  off  enclosure,  the 
observations  being  taken  by  the  matron.  The  thermometers  required 
rearranging  in  the  screen.  The  sunshine  recorder  (Jordan  twin-instrument) 
is  on  the  roof  of  one  of  the  buildings.  The  hiUs  probably  intercept  a  little 
of  the  early  and  late  sunshine. 

GuERNSET,  August  18th. — As  the  trees  have  grown  somewhat  considerably 
of  late  years,  I  recommended  that  the  rain  gauge  be  moved  to  the  large 
lawn,  where  there  will  be  a  good  exposure.  The  tube  of  the  minimum  was 
loose  and  had  slipped  down.  This  I  re-a^justed.  The  screen  required 
painting.  The  sunshine  recorder  appeared  to  be  15  minutes  slow.  The 
late  evening  sun  is  just  cut  off  by  the  roof. 

Halstead,  Augmt  3Ut. — ^The  instruments  were  in  good  order.  The 
minimum  appeared  to  have  gone  up  0^*8. 

Habestock,  August  22nd. — The  station  and  instruments  were  in  good 
order.  The  ball  of  the  sunshine  recorder  was  not  quite  in  the  centre  of  the 
frame.  Colonel  Knight  has  had  a  hole  made  for  taking  observations  with  a 
70  feet  earth  thermometer. 

Liss,  August  25th. — This  station,  which  is  on  the  crest  of  the  hill,  has  a 
good  exposure.  The  sunshine  recorder  (universal  pattern)  was  not  working 
porrectly,  as  it  was  not  set  for  the  proper  latitude.    I  levelled  the  instrument 
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and  set  it  to  the  proper  latitude,  bat  could  not  a4just  it  for  time  as  the  sun 
was  not  then  shining. 

Margate,  July  13th, — This  station  was  in  good  order.  The  minimum 
had  gone  down  0^*5.  The  sunshine  recorder  (universal  pattern)  is  mounted 
on  a  brick  pier  on  the  roof  of  the  house.  The  ball  had  slipped  down  some- 
what and  was  not  in  the  centre  of  the  frame,  and  consequentlj  the  edges  of 
the  frame  cut  off  some  of  the  early  and  late  sunshine. 

Mablbobough,  July  11th. — There  was  no  change  in  the  thermometers. 
Bean  sticks  had  been  put  in  close  to  the  rain  gauge.  These  I  requested  should 
be  removed.  The  trace  of  the  sunshine  recorder  was  not  parallel  with  the 
card.  This  was  owing  to  the  frame  not  being  properly  fixed  with  the  ball 
in  the  centre. 

Newquay,  July  24th, — ^The  thermometer  screen  is  placed  in  a  field  not 
far  from  the  cliff,  in  a  very  open  situation.  The  rain  gauge  is  placed  in  a 
kitchen  garden  on  the  south  side  of  the  main  road.  The  sunshine  recorder  is 
mounted  on  the  ridge  of  a  stable,  and  is  well  exposed.  The  ball  was  not 
quite  in  the  centre  of  the  frame. 

Old  Stbeet,  London,  August  29th. — In  the  early  part  of  the  year  the 
minimum  for  some  time  read  about  8°  too  high.  Another  minimum,  which 
was  used  in  its  place,  also  read  8^  or  4^  too  high.  It  was  discovered  after- 
wards that  a  bubble  had  been  generated  in  the  tube  near  the  bulb.  I 
recommended  that  the  tree  near  the  rain  gauge  should  be  cut  back. 

Penzance,  July  25th — The  instruments  are  in  the  Morrab  Gardens,  on  a 
level  lawn  in  front  of  the  Library.  I  recommended  that  the  screen  and 
rain  gauge  be  shifted,  so  as  to  be  out  of  the  influence  of  the  sloping  bank. 
The  thermometers  required  rearranging  in  the  screen,  and  new  back  plates 
to  be  put  on  the  maximum  and  minimum.  The  observer  was  instructed  to 
read  the  thermometers  to  tenths  of  a  degree.  The  two  sunshine  recorders 
(burning  and  photographic)  are  mounted  on  a  platform  on  the  south  side  of 
the  dome  of  the  market  hall ;  the  exposure  is  very  good.  The  early  and 
late  sun*s  rays  were  not  recorded  by  the  burning  instrument,  as  the  ball 
had  slipped  down  and  was  consequently  not  in  the  centre  of  the  frame. 
This  I  readjusted. 

Pobtsmouth,  August  23rd. — On  comparing  the  thermometers  it  was 
found  that  the  dry  and  wet  had  gone  up  O^'l.  I  recommended  that  the 
thermometers  should  be  read  to  tenths  of  a  degree.  The  sunshine 
recorder  was  mounted  on  top  of  the  screen  and  did  not  get  the  evening 
sun.  I  sug£;ested  a  more  suitable  exposure  for  the  instrument,  and  also 
recommended  that  the  traces  be  fixed  before  being  measured.  As  an 
additional  building  will  shortly  be  erected,  it  is  probable  that  th<)  rain  gauge 
may  have  to  be  moved  to  the  north  kitchen  garden. 

Prinoetown,  Jiilt/  26th. — ^The  instruments  were  in  good  order,  the  stand 
having  recently  been  painted  and  the  outside  cylinder  of  the  rain  gauge 
soldered.     I  brought  away  with  me  the  spare  set  of  thermometers. 

Regent's  Park,  August  29th. — There  was  no  change  in  the  ther- 
mometers.      The    screen   required   cleaning    and   painting  inside.       The 
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Bunshine  recorder  is  mounted  on  a  wooden  tower.     Owing  to  the  shrinkage 
of  the  wood  the  recorder  was  somewhat  out  of  level. 

Bheebness-on-Sea,  September  20th. — There  was  no  change  in  the 
zeros  of  the  thermometers,  hat  the  grass  minimum  had  8^*6  of  spirit  at 
the  top  of  the  tuhe.  The  position  of  the  maximum  and  minimum  in  the 
screen  required  altering.  I  recommended  that  the  screen  he  painted  and 
that  the  trees  be  cut  back  as  much  as  possible. 

Stbathfield  Tuboiss,  July  10th. — This  station  was  in  good  order.  The 
thermometers  are  mounted  in  the  old  Eew  screen.  On  comparing  the  ther- 
mometers it  was  found  that  the  dry  bulb  had  gone  up  0°'l. 

SwABBATON,  August  22nd. — There  was  no  change  in  the  thermometers. 
The  muslin  on  the  wet  bulb  required  renewing. 

Tavistock,  Jidy  26th, — The  thermometers  were  in  the  kitchen  garden  on 
ground  sloping  rapidly  from  north  to  south.  I  recommended  that  they  be 
removed  to  the  terraced  lawn  at  a  lower  elevation,  on  which  the  rain  gauge 
is  also  placed.  If  this  were  done  Mr.  Glyde  would  have  no  difficulty  in 
taking  evening  observations. 

Tentbbdxn,  September  6th, — The  sunshine  recorder  is  placed  in  a  garden 
on  the  east  side  of  the  road,  and  removed  at  9  a.m.  to  a  post  at  the  end  of 
Mr.  Mace's  garden  on  the  west  side  of  the  road.  By  this  means  all  the 
available  sunshine  is  recorded. 

TuNBBiDOE  Wells,  September  17 th.^On  comparing  the  thermometers  it 
was  found  that  the  minimum  had  gone  down  0^*4.  The  screen  required 
painting.  Mr.  Smart  had  had  the  frame  of  the  burning  recorder  (universal 
pattern)  cut  in  two  places  with  the  view  of  letting  down  the  eastern  flap  in 
the  morning  and  the  western  flap  in  the  afternoon,  as  he  believed  the  edges 
of  the  frame  out  off  the  sun's  rays.  The  ball,  however,  was  not  in  the 
centre  of  the  frame. 

Ventnob,  August  24th, — On  comparing  the  thermometers  it  was  found 
that  the  minimum  had  gone  down  0^*2.  I  had  the  rain  gauge  attended 
to  by  the  engineer,  as  the  funnel  fitted  tightly  and  the  outer  cylinder  had 
been  dented  by  croquet  balls. 

Walungton,  September  13th, — The  instruments  were  removed  in  June 
to  Maiden  road,  about  150  yards  from  their  former  position  in  Manor  road. 
The  exposure  is  good.  The  sunshine  recorder  is  placed  on  the  roof  of  the 
house. 

Weymouth,  August  ;?O^A.-^The  station  was  in  good  order.  The  minimum 
had  about  0^*2  of  spirit  at  the  top  of  the  tube.  Mr.  Eyles  had  just  got  a  burning 
sunshine  recorder,  which  he  had  mounted  on  a  tripod  on  the  top  of  the  house 
at  the  end  of  the  pier.     The  ball  was  not  quite  in  the  centre  of  the  frame. 

Wobthino,  September  8rd, — There  was  no  change  in  the  zeros  of  the 
thermometers.  As  the  end  of  the  tube  of  the  maximum  was  broken  off  and 
the  tube  loosci  I  reacyusted  it  and  made  it  secure* 
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APPEN- 

STATEMENT  OF  RECEIPTS  AND  EXPENDITURE  | 

I 


Receipts, 

&  8.  d.          A     8.    d. 

Balance  from  1898 168  10    4 

Sabsoriptions  for  1894 666  1  0 

Do.               former  years    51  0  0 

Do.               paid  in  advance 43  2  0 

Life  CompositionB 84  0  0 

Entrance  Feee    , 36  0  0 


Meteorological  Office— Copies  of  Returns    112  12  10 

Do.  Grant  towards  Inspection  Expenses         25    0    0 


880    8    0 


137  12  10 


Dividends  <m  Stock  (including  i£40  Us.  4d.  from  the  New 

Premises  Fnnd) 113  12    9 

Sale  of  PublicationB 80    7  10 


£1330    6    9 
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DIX  II. 

FOR  THE  TEAR  ENDING  DECEMBER  81bt,  1894. 


EXPENDITUBE. 

£  8.  d.          £   8.    d. 
JoumaZ,  dte, : — 

Printing  Nob.  89  to  92 130  6  3 

Dlnatrations     ,  28  17  11 

Authors*  Copies 16  16  6 

Meteorologioal  Beoord,  Nos.  51  to  54 48  1  0 

Begistrar-General's  Beports    8    8    0 

231    9    8 

Printing,  dtc,  :— 

General  Printing   ]9    3    0 

Stationery  18    2    9 

Forms ,.,,.  6    2    0 

Listol  Fellows 9  12    6 

Books  and  Bookbinding 15  17    0 

— ^  68  17    3 

Office  Expensei:^ 

Salaries    ..•...• 413  10    0 

Bent  and  Housekeeper «  156    5    6 

Famishing  new  room,  Bepairs,  Coals,  &o 53  15    5 

Postage    58  10    1 

Petty  Expenses 15    7    6 

Befreshments  at  Meetings #  14    7    8 

Exhibition  Expenses     • 8    5  11 

Leotnre  Expenses 19    1    6 

789    8    6 

Oh8ervat%on8 : — 

Inspection  of  Stations 43  18  11 

Observers 9    2    0 

Instroments    14    0 

54    4  11 

Stock  :^ 

Purchase  of  Ml  5b.  7d.  2|  per  cent.  Annnitiea 42    0    0 

1135  15    4 
BaXanee:-' 

At  Bank  of  England 184  18    4 

In  hands  of  the  Assistant-Secretary  . • • 4...  9  13    1 

194  11    5 

£1330    6    9 

fixamihed  and  compared  with  the  Voaoherst  and  found  correct, 

B.  H.  CUBTIS,        )   J    •vj 
FBEDO.  GASTEB,  j  ^^^*^^* 
'tmitary  lO^A)  1895i 
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ASSETS  AND  TJABIUnES 

LlABUJTDSS. 

£      8,     d. 

To  SubscriptionB  paid  in  adyance 48    3    0 

,,  Ezoess^  of  Assets  over  LiabilitieB    2988    1    6 


£3026    3    6 


1  Tliis  exoeM  is  ezclnsiTe  of  the  Ttlue  of  the  lihniy  and  Stock  of  Pablioatioiu. 
Examined, 

R.  H.  CURTIS,        )  ..^.^^ 
FRBDO.  GASTER,      ]  -*««»«^- 

WILLIAM  MARRIOTT,  AssUUmt  Secretary. 
January  lOth^  1895. 


NEW  PREMISES  FUND, 


£   8.  d* 
Amount  paid  to  the  Sooiety's  Funds  towards  the  inoreased  rent  of  the 

NewPremises    40  11    4 


Examined, 

R.  H.  OX7RTI8, 
FREDO.  GASTER, 
WILLIAM  MARRIOTT,  At$i8Umt  Secretary. 
January  10th,  1895. 


RESEARCH  FUND, 


£    8.    d. 

Amount  inyested  in  purdhase  of  £101  Os.  3d.  2}  per  ceht.  Oobsols  at  99         100    0    0 
Bo.  Do.  £11 14s.  2d.  at  103}  12    1    6 


£112    1    0 
Examined, 


R.  H.  CtJRTlS.  I    .   ,.,_ 

FRBDC.  GASTER,  \  ^^^^* 

WILLIAM  MARRIOTT,  AsiUtant-Seeretary. 
Jamary  lOe^,  1895. 
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DTX  IT. —Continued, 
ON  JANUARY  Ibt,  1895. 


Assets. 

&   t.  d,  £    9.    d. 

By  Investment  in  M.  S.  and  L.  B.  4}  per  cent.  Debenture 

Stock,  £800  at  152    1216    0    0 

„         „  in  N.  8.  W.  4  per  cent.  Inscribed  Stock, 

£654  188.  at  lOSJ 710  11    8 

in  L.(feN.W.B.  Ordinary  Stock,  £200  at  177      854    0    0 
„  in  2|  per  cent.  Annoities,  £141  5«{.  7d.  at 

lOlf 143  15    0 


Sabsorlptions  unpaid,  efltimated  at 50    0    0 

Entrance  Fees  unpaid    16    0    0 

Interest  due  on  Stock     30  ^3    9 


Furniture,  Fittings,  &c 215  12    1 

Instruments • 94  19    7 


Gash  at  Bank  of  England 184  18    4 

„  Cash  in  hands  of  Assistant-Secretary    9  13    1 


2424    6  8 

96  13  9 

310  11  8 

194  11  5 

£3026    3  6 


DECEMBER  81st,  1894. 


£  $.  d. 
Interest  received  on  investment * • 40  11    4 


£40  11    4 


KoTB.— The  Society  holds  on  aooonnt  of  this  Fond  £1199  Os.  2d.  South  Australian 
8|  per  cent.  Inscribed  Stock. 


DECEMBER  81st,  1894. 

£  8.    d. 

Contribution  by  Dr.  Oi  T*  Williams 100  0    0 

Do.         ,1    Mr.  W.  M.  Beaufort 10  0    0 

Interest  received  on  investment 2  16 


£112    1    6 


NoTx»^Ihe  Sodety  holds  on  account  ol  this  Fund  £112  148»  5d»  2t  per  oenU  Consols. 
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APPENDIX  III. 
OBITUARY  NOTICES. 

Edwin  Clabe  was  bom  at  Marlow  on  January  7th,  1814,  and  was  the 
eldest  of  three  boys.  (His  brother,  Latimer  Clark,  F.B.B.,  is  well  known 
in  the  scientific  world.)  After  boarding  at  an  old  school  in  the  town,  he 
was  at  the  age  of  eleven  sent  to  a  French  school  in  Normandy,  where  in 
three  years  he  acquired  such  a  thorough  knowledge  of  French  that  his 
translation  of  the  Chronicles  of  the  Canongate  into  French  was  published  in 
France.  He  returned  home  in  1828,  and  was  placed  in  a  solicitor's  office ; 
but  scientific  tastes  seriously  interfered  with  his  application  to  this  work. 
Such  tastes  were  but  little  understood  at  the  time,  and  the  boy  was  regarded 
by  all  his  firiends  as  a  ne'er-do-weU.  But  his  diligence  and  attention  to 
science,  especially  in  its  practical  aspects,  ultimately  bore  fruit.  He 
obtained  a  position  as  teacher  in  his  old  school,  and  one  of  his  colleagues, 
who  was  reading  for  the  University,  strongly  urged  the  advantage  he  would 
derive  could  he  go  up  for  honours  at  Cambridge.  A  small  legacy  which 
his  mother  received  at  this  time  was  devoted  to  this  purpose.  But  at  the 
end  of  two  and  a  half  years  his  parents  found  it  impossible  to  continue  his 
maintenance  at  the  University.  After  some  engagements  as  schoolmaster, 
Mr.  Clark  resolved  on  an  apparently  reckless  project.  He  had  long  wished 
to  see  something  of  the  world,  and  with  £10  in  his  pocket  and  a  knapsack 
on  his  back  he  started  on  a  wild  and  indefinite  tour  on  the  Continent.  He 
visited  the  Bhine,  Switzerland,  and  crossed  the  Alps  into  Italy,  making 
observations  on  glaciers  and  meteorology,  and  various  scientific  collections. 
He  became  an  artist,  and  continued  his  tour  through  Bome  to  Naples, 
Pompeii,  Salerno,  Poestum,  and  at  length  returned  to  his  home  at  Marlow  in 
1889,  to  the  great  delight  of  his  parents.  He  at  once  accepted  a  mathematical 
mastership  at  Coombe  Wood,  and  then  at  Brook  Green,  Hammersmith,  and 
collected  a  small  library  and  a  stock  of  scientific  apparatus. 

But  this  profession  did  not  hold  him  long.  In  1845  the  railway  mania 
had  resulted  in  the  great  financial  crisis  which  threw  so  many  surveyors  and 
engineers  out  of  employment,  and  at  this  inopportune  juncture  he  suddenly 
abandoned  the  school  to  assist  in  the  survey  of  the  proposed  line  between 
Brighton  and  Oxford.  This  project  speedily  collapsed,  but  Clark's  deter* 
mination  to  be  an  engineer  was  taken.  With  an  introduction  of  the  most 
slender  character,  he  repaired  to  Mr*  B.  Stephenson's  chambers  in  Great 
George  Street,  an  office  that  was  destined  afterwards  to  become  his  own  for 
so  many  years*  Mr.  Stephenson  was  at  that  time  overwhelmed  with  work, 
especially  in  the  great  contest  between  the  broad  and  narrow  gauge,  and 
Mr.  Clark  was  at  once  informed  of  the  hopeless  improbability  of  a  personal 
interview.  But,  nothing  daunted,  he  waited  patiently  for  hours  every  day 
in  the  ante-room  durmg  a  period  of  three  weeks,  and  at  last  was  rewalrded 
by  a  chance  interview.    He  was  fortunate  enough  to  be  able  to  prove  his 
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abilities  almost  immediately,  and  the  formdation  of  his  career  as  an  engineer 
was  laid. 

The  problem  on  which  he  won  his  spars  was  that  of  the  Britannia  and 
Conway  Tubular  Bridges,  for  the  construction  of  which  he  was  ultimately 
placed  in  absolute  control  as  resident  engineer.  He  was  for  many  years  chief 
engineer  to  the  Electric  Telegraph  Company,  and  invented  and  patented  the 
hydraulic  graving  dock  and  canal  lift.  He  constructed  the  great  dock  at 
Bombay,  and  others  at  Malta  and  London.  He  was  the  designer  of  a 
host  of  bridges,  including  the  great  swing  bridges  at  Amheim,  Lyons,  and 
Rochester,  the  Aire  Tubular  Bridge,  and  the  Scarborough  Viaduct.  He  was 
the  original  inventor  of  the  block  system  of  signalling.  Mr.  Clark  also  laid 
the  cable  from  Dungeness  to  Holland,  and  negotiated  the  agreements  and 
erected  the  telegraph  for  the  chief  English  railways.  He  was  engineer 
to  the  Crystal  Palace  Company,  and  completed  the  building  of  the  Palace 
after  the  fire. 

Mr.  Clark  retired  from  business  in  1876,  and  after  travelling  for  two 
years  in  South  America,  he  settled  down  at  Ch-eat  Marlow,  where  he  devoted 
himself  to  astronomical  and  meteorological  observations.  He  died  from 
cancer  on  October  22nd,  1894. 

He  was  elected  a  Fellow  of  this  Society  on  March  19th,  1862. 

Francisoo  Denza. — The  following  notice  is  abridged  from  the  cenni 
necrologici  of  Padre  Denza : — 

By  the  death  of  Father  Francisoo  M.  Denza,  which  occurred  on  December 
14th,  1894,  not  only  has  this  our  college  of  S.  Carlo  a*  Catinari,  to  which 
he  belonged  since  1890,  and  that  of  Moncalieri,  to  which  he  had  been 
attached  for  a  number  of  years,  sustained  a  very  great  and  sad  loss,  but  the 
whole  of  our  congregation  is  equally  affected  by  it.  Father  Denza  was  in 
Italy  one  of  the  most  assiduous  cultivators  of  natural  science,  and  in 
meteorology,  to  which  he  devoted  himself  with  the  greatest  diligence,  no 
one  could  contest  the  victory  with  him.  The  <'  Specola  Vaticana,"  reclaimed 
to  new  life  by  the  munificent  wisdom  of  Leo  XHI.,  loses  in  him  more  than 
a  Dhrector  and  Father,  who  by  the  authority  of  his  name  and  his  constant 
activity,  had  raised  it  to  be  one  amongst  the  first  observatories  of  Europe. 
But  above  all,  we  can  testify  that  he  was  a  man  who  united  in  himself  all 
the  rigidness  of  the  most  modem  culture  with  the  sincerity  of  an  ancient 
faith,  and  to  his  scientific  labours  the  assiduous  study  of  religious  perfection. 
Our  order  possessed  in  him  not  only  an  illustrious  member,  as  he  is  now 
denominated,  but  an  obedient  son  and  an  indefatigable  worker.  Bom  at 
Naples,  of  Michele  and  Virginia  Zigzi,  June  7th,  1834,  at  the  age  of  17  he 
requested  to  be  clothed  with  our  habit  (of  a  Bamabite),  which  he  accordingly 
was  invested  with  in  1850.  He  first  studied  in  our  College  of  S.  Filippo,  in 
Macerata,  and  then  was  sent  to  Rome,  where,  under  the  celebrated  Padre 
Becchi,  he  devoted  himself  to  mathematics  and  physics  until  1857,  when  he 
was  sent  to  the  university  of  Turin.  He  then  founded  an  observatory  which 
became  the  central  one  of  the  Italian  Meteorological  Society,  well  known  in 
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the  world  of  science.  He  continued  his  lectures  in  this  university,  and  had 
pupils  from  every  part  of  Italy  until  1886,  when  he  had  a  paralytic  stroke ; 
but  he  recovered  sufficiently  from  it  to  be  able  to  fill  the  office  of  Vice- 
Rector,  and  to  help  many  by  his  ability  and  long  experience.  Ab  he  grew 
in  years  his  fame  grew  also. 

Be  published  many  pamphlets  on  science  and  on  observations  on  eclipses, 
on  the  Aurora  Borealis,  on  the  falling  stars,  and  on  the  variations  of 
the  magnetic  needle,  &c.  One  popular  treatise  on  Astronomy  is  his 
*'  Armonie  del  Cteli,'*  published  repeatedly,  and  he  translated  into  Italian 
Mr.  Scott's  Elementary  Meteorology, 

If  in  the  present  day  upwards  of  200  observatories  are  spread  over  our 
country,  which  in  that  respect  is  inferior  to  few  others,  it  is  due  to  the 
powerful  influence  of  our  dear  Father.  Thus  the  **  Gorrispondenza 
Meteorologica  Italiana  Alpino-Apennina,'*  founded  by  him  in  1859,  and 
'<  La  Societa  Meteorologica  Italiana j^'  constituted  in  1882  under  the  Hon. 
Presidency  of  H.  M.  King  Umberto  I.,  under  the  effectual  direction  of  our 
Father  Denza,  have  become  two  national  institutions. 

He  also  attended  many  congresses  held  for  the  diffusion  of  science.     In 

1878  we  find  him  at  the  International  Congress  of  Meteorology  in  Paris,  in 

1879  at  Rome.  In  1881  we  find  him  in  the  month  of  April  at  Algiers  for 
a  Scientific  Congress,  in  September  at  Milan  for  the  Subalpine  Congress, 
and  in  October  at  Venice  for  the  General  Geographical  Congress.  In  1884 
he  represented  the  Holy  Father  at  the  Congress  of  the  Scientific  Association 
of  France  at  Rouen,  and  took  advantage  of  this  journey  to  France  to  visit 
Holland  and  England.  In  December  1887,  although  still  suffering  from  a 
second  attack  of  apoplexy,  he  went  to  Rome  to  be  present  at  the  jubilee  of 
Leo  XIII.,  and  remained  until  February  1888  in  order  to  co-operate  in  the 
Scientific  Exposition  of  the  Clergy,  and  in  the  following  year  promoted  the 
Institution  of  *'la  Specola  Vaticana,"  of  which  he  was  appointed  Director 
by  the  Pope,  and  took  up  his  residence  in  a  modest  apartment  prepared  for 
him.  To  that  institution  he  devoted  four  years  of  assiduous  work,  spending 
part  of  the  summers  at  the  Royal  College  of  Moncalieri. 

In  1892  fresh  symptoms  of  his  former  malady  appeared,  and  being  taken 
suddenly  iU  just  after  having  had  an  audience  of  the  Pope,  he  expired  24 
hours  afber,  having  received  all  the  comfort  of  the  last  sacraments  and 
benediction  of  the  Holy  Father. 

Such  was  the  external  glory  of  this  beloved  Father,  which  only  was 
generally  known  ;  but  we  who  were  well  acquainted  with  him  can  appreciate 
the  truer  and  more  hidden  glory  of  his  Christian  virtues.  The  Royal  College 
of  Carlo  Alberto  owes  to  him  a  great  portion  of  the  fame  it  eiyoys,  not  only 
in  Piedmont,  but  all  over  Italy,  and  in  Father  Denza  it  has  suffered  a  very 
great  loss. 

Meanwhile,  his  name  will  remain  blessed  amongst  us,  and  may  it  lead 
many  others  to  cultivate  science  with  the  same  activity  and  rectitude  that 
be  did. 

Se  was  elected  an  Honorary  Member  of  this  Society  on  June  15th,  1870. 
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WiLHELM  Adolf  von  Fbeeden  was  bom  at  Norden  in  East  Fries- 
land,  May  22nd,  1822,  and  died  at  Bonn,  Janoary  11th,  1894,  after  a 
short  attack  of  inflammation  of  the  longs.  From  1845-56  he  was  Teacher  of 
Physics  in  the  Gymnasium  at  Jeven,  and  from  1856-67  Director  of  the 
Navigation  School  at  Elsfleth  near  Bremen. 

He  is  best  known  to  science  as  the  Founder  and  first  Director  of  the 
Norddentsche  Seewarte  at  Hamburg,  an  Institute  which  in  1875  was 
reorganised  as  an  Imperial  Establishment  under  its  present  name,  the 
Deutsche  Seewarte,  Dr.  G.  Neumayer  being  appointed  Director.  Herr  von 
Freeden  at  this  date  withdrew  to  Bonn,  where  he  spent  the  remainder  of  his 
life,  occupying  himself  inter  alia  with  the  editing  of  the  Hansa,  a  newspaper 
he  had  started. 

He  took  a  principal  part  in  the  founding  of  the  North  German  Lloyds 
Company.  The  activity  of  the  Seewarte  under  his  management  was  most 
creditable,  and  numerous  papers  from  his  pen  have  appeared  in  the 
Zeitschrift  der  Out.  Met.  GeselUchaft,  and  elsewhere. 

He  was  for  five  years,  1871-6,  Member  of  the  Beichstag  for  Hamburg, 
but  declined  re-election  on  removing  to  Bonn. 

He  was  elected  an  Honorary  Member  of  this  Society  on  June  17th,  1874. 

John  Hill,  M.Inst.G.E.,  was  at  the  time  of  his  death  one  of  the  oldest  • 
county  officials  in  Ireland.  He  was  appointed  Chief  Surveyor  of  Clare  in 
1845,  an  office  which  he  held  for  about  10  years,  when  he  went  to  King's 
County  to  fill  a  similar  position.  After  12  years'  service  there  he  renewed 
his  connection  with  Clare  in  1867,  and  remained  County  Surveyor  till  his 
retirement  in  1898.  He  was  for  several  years  Chairman  of  the  Town 
Commissioners,  and  also  yice-Chairman  of  the  Clare  Castle  Harbour 
Board. 

He  died  on  January  28rd,  1894,  aged  81. 

He  was  elected  a  Fellow  of  this  Society  on  November  16th,  1881. 

Insfegtob-Genebal  Robbht  Lawson  was  bom  in  1815,  and  belonged  to  an 
Aberdeenshire  fEimily.  He  entered  the  army  as  an  Assistant  Burgeon  in 
1885,  became  Surgeon  in  1846,  Deputy  Inspector- General  in  1854,  and 
Inspector-General  of  Hospitals  in  1867,  and  retu-ed  on  half-pay  in  1872. 
He  was  present  at  the  storming  and  destruction  of  the  fortified  Mandingo 
town  of  Sabajee  on  the  Gambia  in  1858,  and  served  in  the  Crimea  during 
1854  and  1855.  He  received  the  Crimea  medal  with  Sebastopol  clasp,  the 
4th  class  of  the  Medjidieh  and  the  Turkish  medal.  The  degree  of  LL.D. 
was  conferred  upon  him  in  1884  by  the  University  of  Aberdeen,  and  he  was 
appointed  one  of  the  Honorary  Physicians  to  the  Queen  in  1891. 

When  serving  in  the  West  Indies  and  the  West  Coast  of  Africa,  he  showed 
early  the  scientific  bent  of  mind  that  pervaded  the  whole  of  his  career  by 
observations  regarding  meteorology  and  the  laws  of  storms — a  subject  which 
was  at  this  time  little  regarded  and  only  in  its  infancy.  He  was  one  of  the 
earliest  to  draw  attention  to  the  rotation  theory  of  cyclones,  but  bis  work  in 
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this  respect,  like  mnch  of  his  later  work,  was  ahead  of  his  time,  and  did  not 
attract  the  notice  it  deserved.  He  farther  made  valuable  observations  con- 
cerning the  spread  of  malarial  disease  and  yellow  fever  by  means  of  air- 
onrrents  and  prevailing  winds,  and  the  natural  means  of  protection  from 
their  spread  by  such  causes.  There  are  now  only  iwo  officers  alive  who 
ever  served  as  Inspector-General  of  Hospitals,  a  rank  which  became  obsolete 
under  the  Royal  Warrant  of  March  1st,  1878. 

His  retirement  from  the  army  in  1872  did  not  entirely  break  his  connection 
with  the  service,  as  he  acted  on  several  commissions,  and  assisted  in  the 
development  of  the  modem  system  of  ambulance.  He  was  an  active  member 
of  the  Epidemiological  and  Statistical  Societies,  and  was  president  of  the 
former.  In  their  Transactions  and  elsewhere  a  large  number  of  pub- 
lications have  appeared  from  his  pen  at  various  times,  dealing  chiefly  with 
the  methods  by  which  cholera  and  other  epidemic  diseases  are  spread  ;  and  he 
delivered  the  Milroy  Lectures,  in  1888,  on  Epidemic  Influences,  Yellow 
Fever,  and  Cholera.  Perhaps  the  best  known  of  his  labours,  at  least 
among  the  general  profession,  were  those  referring  to  the  progress  of 
epidemics  from  north  to  south  of  the  earth  at  a  given  rate  of  progress  at 
right  angles  to  the  distribution  of  the  isoclinal  lines  of  the  magnetic  dip, 
which  were  termed  the  pandemic  waves.  Having  access  to  the  records  of 
the  Army  Medical  Department,  he  collected  a  great  body  of  statistics 
bearing  on  this  point  showing  the  influence  of  these  waves  on  all  infectious 
diseases. 

Whilst  serving  in  the  army  he  was  eminently  just  and  kind  to  all 
under  him,  and  the  advocate  and  true  friend  of  those  who  showed  any 
unusual  industry,  ability,  or  merit.  His  sense  of  duty  was  always  very 
strong,  and  he  never  spared  himself  in  the  way  of  personal  trouble  and 
painstaking  to  discharge  such  duties  as  fell  to  his  lot  conscientiously  and 
well. 

He  died  at  Aberdeen  on  February  8th,  1894,  at  the  age  of  79. 

He  was  elected  a  Fellow  of  this  Society  on  April  18th,  1888. 

John  Lovel  was  bom  at  Halperthorpe,  Yorkshire,  on  December  18th, 
1862,  andi^was  early  left  to  the  care  of  his  father,  his  mother  dying  in 
February  1866.  He  received  most  of  his  instraction  from  his  father,  who 
for  some  years  kept  an  elementary  school  at  Weaverthorpe.  After  being 
apprenticed  for  several  years  to  a  joiner  and  wheelwright,  Mr.  John  Level 
in  1888  joined  his  fiEither  at  Driffield,  who  three  years  before  had  purchased 
a  part  of  the  site  he  at  present  occupies,  which  he  piepared  for,  and  has 
since  carried  on,  as  a  strawberry  nursery. 

Twelve  years  ago  the  father  commenced  rainfall  observations,  which  so 
interested  Mr.  John  Level  that  in  1890  he  organised  a  climatological 
station,  and  became  a  valued  observer  for  the  Boyal  Meteorological  Society. 

After  the  waterspout  and  flood  at  Langtoft  in  July  1892,  Mr.  John 
Level  ^made  a  study  of  the  question  of  waterspouts  and  cloudbursts,  and 
communicated  a  paper  on  the  subject  to  the  Royal  Meteorological  Society. 
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He  also  sent  to  the  Society  the  results  of  a  year's  comparative  observations, 
which  he  had  made  with  two  sets  of  maximum  and  minimum  thermometers, 
read  and  set  at  9  a.m.  and  9  p.m. 

Mr.  John  Lovel  had  a  thorough  appreciation  of,  and  was  well  in  touch 
with,  every  day  subjects.  He  was  a  most  enjoyable  companion,  and  ever 
ready  to  impart  in  a  quiet  way  some  interesting  fact  or  other  relating  to  the 
great  problems  of  nature. 

He  died  on  February  16th,  1894,  aged  81  years. 

He  was  elected  a  Fellow  of  this  Society  on  March  18th,  1891. 

William  Toplbt,  F.B.S.,  F.G.S.,  Assoc.Inst.C.E.,  was  bom  at  Green- 
wich on  March  18th,  1841.  He  was  educated  in  local  schools,  and  entered 
the  Royal  School  of  Mines  in  1858,  which  he  left  in  1862,  and  joined  the 
staff  of  the  Geological  Survey  of  England  and  Wales,  being  initiated  into 
the  methods  of  field-work  by  Dr.  Le  Neve  Foster,  with  whom  he  jointly 
brought  out  a  remarkable  paper  in  1865  on  the  ''  Denudation  of  the  Weald,'* 
proving  that  the  formation  of  the  Weald  of  Kent  and  Sussex,  its  central 
ridge  and  surrounding  Downs,  alike  owed  their  origin  to  the  long  continued 
sculpturing  of  rain  and  rivers.  Mr.  Topley  surveyed  important  areas,  both 
amongst  the  Wealden  and  Cretaceous  rocks  of  Kent  and  the  Coal  Measures 
of  the  North  of  England  ;  of  the  former  area  he  wrote  a  Survey  Memoir  of 
a  most  exhaustive  character,  in  which  he  embodied  the  whole  of  the  existing 
knowledge ;  the  work  is  remarkable  for  a  combination  of  scientific  methods 
and  work  with  a  bibliographical  instinct  which  was  characteristic  of  the 
mind  of  the  author.  In  1880  Mr.  Topley  was  recalled  from  field-work  to 
take  charge  of  the  publication  of  maps  and  memoirs  at  the  London  office  of 
the  Geological  Survey,  a  post  he  held  till  his  death. 

He  joined  the  British  Association  in  1872,  and  served  as  Secretary  and 
Reporter  of  Section  C  (Geology)  between  that  year  and  1888  no  less  than  15 
times.  To  the  Working  Committees  he  was  ever  ready  to  give  valuable  aid  ; 
he  joined  the  Circulation  of  Underground  Waters  Committee  in  1888,  but 
had  previously  assisted  in  the  work,  since  its  initiation  on  the  suggestion  of 
Dr.  Hull  in  1874,  while  the  valuable  reports  of  the  Coast  Erosion  Com- 
mittee were  wholly  drawn  up  by  him ;  this  Committee  was  suggested  by 
Mr.  De  Ranee  in  1881,  Mr.  Topley  from  the  first  acted  as  its  Secretary, 
and  secured  the  assistance  of  the  War  Office,  Admiralty,  and  other  Govern- 
ment Departments  ;  he  had  intended  to  present  the  final  Report  and  recom- 
mendations this  year.  He  was  early  placed  on  the  Sub- Wealden  Exploration 
Committee,  and  in  187iS  was  officially  sent  down  by  the  Geological  Survey 
to  record  the  phenomena  observable,  on  which  he  presented  a  valuable 
report.  His  paper  on  **  the  Geological  Distribution  of  Gold  and  Silver," 
read  at  the  British  Association,  was  ordered  to  be  printed  in  extenso  by  that 
body. 

In  contributions  to  the  Royal  Agricultural  and  other  Societies,  he  opened 
up  a  new  field  of  research,  in  the  relation  of  parish  boundaries  to  the  geolo- 
gical structure,  and  the  influence  of  the  latter  on  water  supply,  character  of 
the  sur&oe  of  the  ground,  and  even  of  climate. 
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To  the  International  Geological  Congress  in  1888  he  acted  as  one  of  the 
secretaries,  and  had  been  previously  appointed  in  1881  to  superintend  the 
publication  of  the  British  Section  of  the  International  Geological  Map  ;  and 
he  gave  to  the  recent  Royal  Commission  on  London  Water  Supply  long- 
continued  and  valuable  assistance  in  the  illustrations  and  tables  accompanying 
their  Report. 

Medical  science  has  benefited  by  the  assistance  given  by  him  to  Sir  George 
Buchanan's  researches  on  The  DUtrihution  of  Phthisis  as  affected  by  the 
Dampness  of  the  Soil,  and  by  his  address  on  '*  Geology  in  relation  to 
Hygiene/'  given  in  1890,  when  Chairman  of  the  Geological  Section  of  the 
Sanitary  Institute. 

He  took  an  active  part  in  the  commencement  of  The  Geological  Record^  and 
eventually  became  its  editor  in  1887,  a  post  for  which  his  great  knowledge  of 
bibliography  well  fitted  him.  His  power  of  work  and  industry  were  remark- 
able, and  it  is  infinitely  to  be  regretted  that  his  wonderful  enthusiasm 
impelled  him  ever  to  assist  all  who  asked  him  for  aid,  as,  by  the  constant 
drain  on  his  reserve  of  force,  he  fell  a  ready  victim  when  attacked  by  gastritis 
in  Algeria,  against  which  he  struggled  in  vain,  though  he  reached  his  home 
at  Croydon,  only  to  die  in  a  few  days,  on  September  80th,  1894.  Whether 
as  an  officer  of  the  Survey,  or  Sectional  Secretary  of  the  British  Association, 
or  President  of  the  Geologists'  Association,  or  scientific  worker,  or  in  his 
home  life  relations,  we  find  him  ever  willing  to  work,  to  help,  and  to  assist 
those  around  him,  and  to  endeavour  to  make  life  pleasant.  His  work  in 
numerous  most  useful  directions  has  ceased,  but  his  kindly  memory  will 
bng.be  remembered,  and  lines  of  investigation  he  has  suggested  be  followed 
up,  perhaps  by  those  who  hardly  realise  the  first  initiation  that  led  to  their 
researches. 

He  was  elected  a  Fellow  of  this  Society  on  June  15th,  1892. 


APPENDIX  IV. 
BOOKS  PURCHASED  DURING  THE  TEAR  1894. 

Archibald,  E.  D. — Clouds  and  Cloudscapee.  (Article  in  English  Illustrated 
Magazine,  Vol.  XI.  1898-4). 

Beaver,  P. — African  Memoranda;  relative  to  an  attempt  to  establish  a 
British  setttlement  on  the  Island  of  Bulama,  on  the  western  coast  of  Africa,  in 
the  year  1792.    4°.    (1805). 

China. — Meteorological   Observations   taken    at   Tinghae    in  Chusan  from  • 
Aug.  1840  to  Feb.  1841.    8°. 

Dickson,  H.  N.— Meteorology.    8°.     ri893). 

FoESTER,  T. — ^Annals  of  some  remarkable  Aerial  and  Alpine  voyages,  including 
those  of  the  author.    8^    (1832). 

Hellmann,  G. — Neudrucke  von  Sohriften  und  Karten  fiber  Meteorologie  und 
Erdmagnetismus.  No.  8.  Luke  Howard.  On  the  Modifications  of  Clouds. 
London  1803.  Mit  einer  Einleitung  und  drei  Tafeln  Wolkenbilder  in  Facsimile. 
4°.     (1894). 

KuPFFER,  A.  Th.— Voyage  dans  TOural  entrepis  en  1828.    8°.     (1888). 

London,  India  Office.— A  Memoir  on  the  Indian  Surveys,  By^  C.  R, 
Markham,    8°.    (1871). 
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London,  Botal  Geoobaphical  Bocibtt. — Joarnal,  Vol.  50.  1880.  8°. 
(1881). 

M*DoNAij>,  A. — ^A  Narrative  of  some  passafi^es  in  the  history  of  Eenoolooapik, 
a  young  Esquimaux,  who  was  brought  to  Britain  in  1889,  m  the  ship  Neptune 
of  Aberdeen,  on  account  of  the  discovery  of  Hogarth's  Sound.    8°.     (1841). 

MuDDocK,  J.  E. — ^Davos-Platz  as  an  Alpine  Winter  Station  for  consumptive 
patients.    8°.     (1881). 

Nabbative  of  the  dreadful  disasters  occasioned  by  the  Hurricane  which 
visited  Liverpool  and  various  parts  of  the  Kingdom,  January  6th  and  7th,  1889. 
12°.     (1889). 

Official  Yeab  Book  of  the  Scientific  and  Leabned  Societies  of  Great 
Britain  and  Ireland,  1894.  "  S°.    (1894). 

Thbophbastus  of  Eresus  on  Winds  and  on  Weather  Signs.  Translated,  with  an 
Litroduction  and  Notes,  and  an  Appendix  on  the  direction,  number  and  nomen- 
clature of  the  Winds  in  classical  and  later  times,  by  J.  G.  Wood,  M.A.,  LL.B., 
and  edited  by  G.  J.  Symons,  F.B.S.    8°.     (1894). 

Tillebt,  W. — Meteorological  Begister  kept  at  Welbeck  Gardens,  Nottingham- 
shire, 1827,  1888, 1842-4,  1846-71,  and  1878-6.    4°.     (MS.). 

TiMBS,  J.— Knowledge  forthe  People.    Part  XVI.   Meteorology.    12°.   (1882). 

ViBOiNiA. — A  geographical  and  political  sununary,  embracing  a  description  of 
the  State,  its  geology,  soils,  minerals  and  climate.    4°.    (1876). 

Washinoton,  Depabtment  of  AaBiGULTUBE. — Beport  of  the  Gonunissioner 
of  Agriculture  for  the  year  1865.    8°.     (1866). 

A  Begobd  of  the  Gbeat  Floods  in  Bath  and  the  surrounding  district, 
Nov.  18  and  16,  1894.    Beprinted  from  The  Bath  Herald.    4°.    (1894). 


APPENDIX  V, 

DONATIONS  RECEIVED  DUfilNG  THE  TEAB  1894. 

Presented  by  Societies,  Institutions,  &c.    . 

Adelaide,  Obsebyatobt. — Meteorological  ObservatioDs  made  at  the  Adelaide  Obser- 
vatory and  other  places  in  South  Australia  and  the  Northern  Territory  ,1886-7.^ 
Bainfall  in  South  Australia,  Aug.  to  Deo.  1893. 

Agrah,  Metkobologisches  Obs^bvatobium.— Der  Tornado  bei  Novska. 

Allahabad,  Meteobolooical  Office.— Annual  Statement  of  Bainfall  in  the  North- 
western ProYinces  and  Oadh,  1893. 

Babbados,  Colonial  Secbetaby's  Ovficb.— Betoms  of  Bainfall  in  Barbados,  Dec. 
4,  1893,  to  Dec.  2,  1894. 

Batayia,  Magmetical  and  Meteobolooical  Obsebyatobt. — Observations,  1892. — 
Bainfall  in  the  East  Indian  Archipelago,  1892. 

Beblin,  Dectsohb  Meteobolooischb  Gesbllschaft.— Berliner  ZweigYcrein, 
1894.— Meteorologische  Zeitschrift,  Dec.  1893  to  Noy.  1894. 

Beblin,  Gesellschaft  f€b  Ebdkundb. — Yerhandlangen,  Band  XX.  No.  10  to  Band 
XXI.  No.  9.-Zeit8chrift,  Band  XXVIII.  No.  6  to  Band  XXIX.  No.  6. 

Beblin,  Konioligh  F^ieubbisches  Meteobologisches  Institut. — Bericht  iiber  die 
Thatigkeit  im  Jahre  1893. — Ergebnisse  der  Beobachtongen  an  den  Stationen  11.  und 
111.  Ordnung  im  Jahre  1893,  Heft  2,  and  1894,  Heft  1.— Ergebnisse  der  magnetischen 
Beobachtungen  in  Potsdam  in  den  Jahren  1890  und  1891. — Ergebniase  der 
meteorologischen  Beobachtangen,  1890. — Ergebnisse  der  Niedersohlags-Beobachtongen 
im  Jahre  1892. 

BoMBAT,  GoYEBNMENT  OBSEBYATOBT. — Maguetical  and  Meteorological  ObserYations, 
1891-8. 

BoHBAT,  Meteobolooical  OpncE.—Brief  Sketch  of  the  Meteorology  of  the  Bombay 
Presidency  in  1893-4. 

Boston,  New  England  Weatheb  Sebyice.— Annual  Summary,  1892.— Bulletin, 
Deo.  1893  to  Oct.  1894. 

Bbbmen,  Meteobolooischb  Station.— Ergebnisse  der  meteorologischen  Beobach- 
tungen, 1893. 

Bbisbanb,  Chief  Wbathbe  Bubeau.— ObserYations  at  meteorological  stations  in 
Queensland,  July  to  Sept.  1 893.  ~  Summaries  of  Bainfall  in  Queensland,  Oct.  1892  to 
Sept.  1893. 

WJtW  BJWI^a,— VOL,  »J,  f 
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Bbibbame,  General  BEaisxEB  Office.— Annnal  Beport  by  the  Begifitrar  General  on 
the  Vital  Statistics  of  Qaeensland,  1893.— Beport  on  the  Vital  Statistics,  Oct  1893  to 
Oct.  1894. 

Brisbane,  Boyal  GEOOBAPHicAii  SociExt  of  Aubtbalabia.  (Queensland  Branch). — 
Proceedings  and  Transactions,  Vol.  IX.  1893-4. 

British  New  Guinea,  Government  Secretary's  Office.— Meteorological 
observations  taken  at  Port  Moresby,  July  to  Dec.  1893. 

Brussels,  Observatoire  Royal  de  Belgique.— Annales.  Observations  m6t6oro- 
logiqaes  dUocle,  Jan.  to  June  1893.— Aunuaire,  1894.— Bulletin  m6t6orologique,  Dee. 
1893  to  Nov.  1894. 

Budapest,  E.  Uno.  Central-  Anstalt  f^r  Meteorolooie  und  ERDMAONBXisinTS.— 
Jahrbuoh,  1891. 

Bucharest,  Institut  M^t^orologique  de  Boumanie.  -Annales,  Tomes  Vn.-VIir. 
1891-2.^— Buletinul  Observatiunilor  meteorologice  din  Bomania,  Dec.  1893  to  Nov.1894. 

Cairo,  Soci£t&  Eh^diviale  de  Gi:oGRAPHiE. — Bulletin,  IVe.  S6rie,  Nos.  1  and  2. 

Calcutta,  Meteorological  Department  op  the  Government  of  India.— Daily 
Weather  Charts  of  the  Indian  Monsoon  Area,  July  28,  1893,  to  June  16,  1894.— todia, 
Daily  Weather  Beports,  Deo.  4,  1893,  to  Dec.  7,  1894. — Indian  Meteorological  Memoirs, 
Vol.  VI.  part  1. — Memorandum  of  the  snowfall  in  the  mountain  districts  bordering 
Northern  India,  and  the  abnormal  features  of  the  weather  in  India  during  the  past 
five  months  [Jan.  to  May],  with  a  forecast  of  the  probable  character  of  the  South-west 
Monsoon  rains  of  1894.— Monthly  Weather  Beview,  Aug.  1893,  to  June  1894.— 
Bainfall  data  of  India,  1893. — Begisters  of  original  observations,  reduced  and  corrected, 
Aug.  1893  to  June  1894. — Beport  on  the  Administration  of  the  Meteorological  Depart- 
ment of  the  Government  of  India,  1693-4. 

Camrridge,  U.S.,  Astronomical  Observatory  of  Harvard  College. — ^Investigations 
of  the  New  England  Meteorological  Society,  1891. — Observations  made  at  the  Blue  Hill 
Meteorological  Observatory,  Mass.,  1892-3.— Observations  of  the  New  England  Weather 
Service,  1892. 

Cambridge,  U.S.,  Harvard  University. — Beport  of  the  Geological  Department  for  the 
year  1892-3. 

Cape  Town,  South  African  Philosophical  Society.— Transactions,  Vol.  V. 
part  2,  Vol.  VH.  part  1,  Vol.  VIII.  part  1. 

Carlsruhe,  Central  Bureau  fur  Meteorologie  und  Hydrooraphie  im  Grobshbr- 
zoGTHUM  Baden.— Die  Ergebnisse  der  meteorologischen  Beobachtongen  im  Jahre 
1898. — Niederschlagsbeobachtungen  der  meteorologischen  Stationen  im  Grossher- 
zogthum  Baden,  1889;  parts  1  and  2,  1893,  parts  1  and  2,  and  1894,  part  1. 

Chemnitz,  EOnigl.  Sachsisches  Meteorologisches  Institut.— Jahrbuch,  1893, 
paits  1-3. 

Christunia,  Editing  Committee  Norwegian  North  Atlantic  Expedition,  1876-78.— 
Zoology,  Ophiuroidea,  by  J.  A.  Grieg. 

Christiania,  Nobske  Meteorologisee  Institut. — Jahrbuch,  189*2.— Oversigt  over 
Luftens  Temperatur  og  Nedboren  i  Norge  i  Aaret  1893. 

Copenhagen,  Danske  Meteorologisk  Institot. — Bulletin  M6t6orologique  du  Nord, 
Nov.  1893  to  Nov.  1894.— Meteorologisk  Aarbog,  1892,  part  3,  and  1893,  parta  1  and 
8. — Observations  Internationales  Polaires,  1882-3. — Expedition  Danoise. — Observations 
faites  k  Godthaab  sous  la  direction  de  A.  F.  W.  Paulsen.     Tome  I.,  Livraison  1. 

Cordoba,  Academia  Nacional  de  Ciencias.    Bolttin,  Tomo  XJI.  AXlll, 

Cordoba,  Opicina  Meteorolooica  Argentina. — Anales,  Tomo  IX. 

Cracow,  K.  K.  Sternwakte.  — Meteorologische  Beobachtungen,  Aug.  1893  to  July 
1894. 

Croydon,  Microscopical  and  Natural  History  Club.— Daily  Bainfall  in  the  Croydon 
district,  Nov.  1893  to  Nov.  1894. — Beport  of  the  Meteorological  Sub-Committee  for 
1893. 

Dublin,  General  Begister  Office.— Annual  Report  of  the  Registrar  General 
(Ireland),  1892-3.— Weekly  Eetums  of  Births  and  Deaths,  1894. 

Dublin,  Koyal  Dublin  Society.— Scientific  Proceedings,  Vol.  VII.  part  6,  and 
Vol.  VIII.  parts  1  and  2.— Scientific  Transactions,  Vol.  IV.  part  14,  and  Vol.  V.,  parts 
1-4. 

Dublin.  Boyal  Ikish  Academy. — Proceedings,  Third  series,  Vol.  III.  No.  2.— 
Transactions,  Vol.  XXX.  parts  11-14. 

Edinburgh,  General  Begister  Office. — Quarterly  Returns  of  the  Births,  Marriages 
and  Deaths  registered  in  Scotland,  for  the  year  ending  Sept.  30,  1891. 

Edinburgh,  Boyal  Scottish  Geographical  Society.— Scottish  Geographical 
Magazine,  1894. 

Edinburgh,  Royal  Society.— Proceedings,  Vol.  XIX.,  1891-2. 

Edinburgh,    Scottish  Meteorological    Society.— Journal,  Third  Series,  No.  10. 

FicME.U.  B.  Accademia  di  Marina.— Meteorological  Observalions,  July  1893  to 
June  1894, 
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GsHETA,  SoctkTk  DE  G&OOBAF&IE.— Le  Qlobe,  Tome  83. 

Glasgow,  Philosophical  Society.— Proceedings,  Vol.  XXV.,  1893-4. 

Greenwich,  Boyal  Observatoby. — Magnetical  and  Meteorological  Observations, 
1891. — Beport  of  the  Astronomer  Boyal  to  the  Board  of  Visitors,  June  2,  1894. 

Halle,  Eaisbruchb  Leopoldino-Cauolinisghe  Deutsche  Akademie  deb  Naturfob- 
BCHER. — Leopoldina,  1892-3. — Oberirdische  und  unterirdische  Wirkungen  eines  Blitz- 
Btrahles.  Von  O.  Hoppe-Clansthal. — Untersachnng  iiber  das  Wesen  der  sogenannten 
BesselB*Bchen  Formel  sowie  deren  Anwendang  auf  die  tagliche  periodische  Veranderung 
der  Lulttemperatur.    Von  Dr.  P.  Schreiber. 

.  Haububo,  Deutsche  Seewabte. — Ans  dem  Archiv,  1893.— Deutsche  ueberseeische 
meteorologische  Beobachtungen,  Heft  VI.— Deutsches  meteorologisches  Jahrbach  fiir 
1892.— Sechzehnter  Jahres  Bericht  uber  die  Thatigkeit  fiir  das  Jahr  1893.— 
Wetterbericht.  1894. 

HoMOKOKO,  Obsbbyatoby.— Observations  and  Besearches,  1893. 

Ibkutsk  (Siberia),  Meteobolooisches  und  MAONETiscHEsOBSEBVATOBiuac.^Beobach- 
tungen,  1890-2. 

Kazan,  Obsebvatoibb  MisTi&OROiioaiQUE  db  L'Uniyebsit^  Imp&biale.— Observations 
1892,  and  Jan.  to  Aug.  1894. 
.  Kew,  Obsebvatoby.— Beport  of  tbe  Incorporated  Kew  Committee,  1893. 

Enfiw,  Obsebyatoibe  M&teobologique  de  L'Univrrsite. — Aperpu  g€n6ral  de  Petat 
des  semailles  dans  le  bassin  du  Dnieper  au  commencement  du  mois  de  Juin  (col  russe) 
1893. — ObservatioDS,  Jan.  to  Sept.  1893. — Orages  dans  le  bassin  du  Dnieper  en  1893.— 
Prise  et  debacle  des  eaux  1892-3.— Bendement  des  r^coltes  de  Tann^e  1893  dans  le 
bassin  du  Dnieper. 

Leon,  Escuela  de  Instbuccion  Secundaria,  del  Estado. — Besumen  General  de  las 
Observaciones  Meteorologicas,  1893. 

Lisbon,  Sociedade  de  Geoorafhl\.— Bole  tin,  12  a  Serie,  No.  3  to  Ida  Serie,  No.  9. 

London,  Bbitish  Association. — Beport,  1893. 

London,  Colonul  Office. — Annual  Meteorological  Beporf,  Straits  Settlements, 
1893.— Annual  Beport  of  the  Director  of  the  Boyal  Alfred  Observatory,  Mauritius, 
1892.— Observations  and  Besearches  at  the  Hongkong  Observatory,  1893.— Report  of 
the  Director  of  the  Hongkong  Observatory  for  1893. — ^Beport  of  the  Natal  Observatory, 
1893-4. — Beport  of  the  Superintendent  of  the  Boyal  Botanic  Garden;*,  Trinidad,   1893. 

London,  General  Beqistbb  Office. — Annual  Summary  of  Births,  Deaths  and  causes 
of  Death  in  London  and  other  great  towns,  1893.— Quarterly  Betums  of  Marriages, 
Births  and  Deaths  for  the  year  ending  Sept.  30,  1894.— Weekly  Beturns  of  Births  and 
Deaths,   1894. 

London,  Geological  Society. — Quarterly  Journal,  Vol.  L.,  1894. 

London,  Impebial  I.nsitute. — Annual  Beport,  1893. 

London,  India  Office. — Account  of  the  Great  Trigonometrical  Survey  of  India, 
Vol.  XV. 

London,  Institution  of  Electbical  Es gin eebs.— Journal,  Nos.  108  to  113. 

London,  J UNIOR  Engineebino  Society. — Becond  of  Transactions,  Vol.  ILL,  1892-3. 

London,  Meteobolooical  Office.— Daily  "Weather  Beports,  1894.  — Harmonic 
Analysis  of  Hourly  Observations  of  Air  Temperature  and  Pressure  at  British 
Observatories,  Part  I.  Temperature :  By  Lieut.  Gen.  B.  Strachey,  F.B.S.— Meteorological 
Observations  at  Stations  of  the  Second  Order,  1889. —  Report  of  the  Meteorological 
Council  to  the  Boyal  Society  for  the  year  ending  March  3lBt,  1893. — ^Weekly  Weather 
Beports,  1894. — Abstracts  of  Meteorological  Observations  taken  at  the  Lighthouse 
and  other  coast  stations  in  Tasmania,  1871-5,  by  T.  Boblin. — Comparative  Bainfall, 
Colony  of  the  Gambia,  1889-93,  by  Dr.  W.  T.  Prout.— Extracts  from  the  Beport  of  the 
Director  of  the  Observatory  to  Marine  Committee,  and  meteorological  results  deduced 
from  observations  taken  at  the  Liverpool  Observatory,  fiidston,  Birkenhead,  during  the 
years  1892-3.— Meteorological  Observations  made  at  Hobart  and  other  places  in 
Tasmania,  IS85-7.— Rainfall  for  the  Hawaiian  Islands,  1892. — Beport  on  the  Meteoro- 
logy of  Ceylon,  1893.— Besults  of  five  years'  Meteorological  Observations  for  Hobart 
Town,  completing  a  period  of  thirty-five  years  [1841-76 J,  by  F.  Abbott — Bulletins 
mSt^orologiques  publics  par  le  2de  section  de  la  Soci6te  d'encouragement  de  Tindustrie 
et  du  commerce  k  Varsovie,  Jan.  to  Mar  and  July  to  Dec.  1891.— Bulletm  quotidien 
de  I'Alg^rie,  Dec.  1893,  and  Jan.  to  June  and  Aug.  to  Oct.,  1894. — Sohwerebestim- 
mungen  im  hohen  Norden  ausgefiihrt  vom  k.  u.  k.  Liniensohiffs-Lieutenant  August 
Gratzl  im  Sommer  1892. 

London,  Physical  Society.— Proceedings,  1894. 

London,  Boyal  Agbicultubal  Socibty.— Journal,  Third  Series,  Vol.  IV.  part  4  to 
Vol.  V.  part  3. 

London,  Boyal  Asteonomical  Soctety.— Monthly  Notices,  Vol.  LIV.  No.  2  to 
Vol.  LV.  No.  1. 

London,  Boyal  Botanic  Society.— Quarterly  Record,  1894. 

London,  Boyal  jNBTiTyTioN  of  Gbeat  Bbitajn,— Proceedings,  No.  87. 
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London,  Botal  Socxbtt.— Catalogue  of  Soientifio  Papers  (1874-83),  Vol.  X.— Pzo- 
ceedings,  Nos.  328  to  389. 

Ijondon,  Sakitaby  Institutb.— Journal,  Vol.  XV.  parts  1  to  3.— Transactions,  Vol. 
XIV.  1893. 

London,  Society  of  Abts. — Journal,  1894. 

Madras,  Mbtsobological  Office.-  Madras  Weather  Chart,  Not.  17, 1893,  to  Mar. 
81,  1894. 

Madrid,  Obseryatorio.— Exp08ioi6n  y  Besumen  de  Observaciones  Meteorol6gicas 
efectuadas  en  el  Observatorio  de  Madrid,  1860-89. 

Madrid,  Sociedad  Geografica.— Boletin,  Tomo  XXXV.,  Nos.  4  to  6,  Tomo  XXXVI. 
Nos.  1  to  4  and  7  to  10. 

Magdeburg,  Wetterwarte  der  Magdebuboischen  ZEinrNG.— Jahrbuoh  der  meteoro- 
logischen  Beobaohtnngen,  1892-3. 

Manohbsteb,  Litebaby  and  Philosophical  SoasTY. — Memoirs  and  Proceedings, 
Fourth  Series,  Vol.  8,  Nos.  1  to  3. 

Manila,   Obsebyatobio  Meteobologico. — Obsenraciones  Yerificadas,  Apr.  to  Sept., 
NoY.  and  Deo.,  1892,  Jan.  to  Mar.,  May,  July  to  Oct.,  1893,  and  Jan.  1894. 
Mablbobough,  College  Natubal  Histoby  Society.— Beport,  1898. 

Mabseilles,  Commission  de  M^t&obologie  du  D£pabtement  dbs  Bougheb-du- 
BHONE.—Bulletin  Annuel,  1892. 

Maubitics,  Boyal  Alfbbd  OBSEBYATOBY.—Annual  fieport  of  the  Director,  1892.— 
Besults  of  meteorological  obserYations,  1898. 

Mazatlan,  Obsebyatobio  Astbon6mico-Meteobol6gioo. — Cuadro  que  manifiesta  la 
cantidad  de  UuYia  caida  durante  los  ailos  1880  it  1891 — ^Besumen  general  de  las 
obserYaoiones  meteorologicas,  1893. 

Melboubnb,  Obsebyatobt.— Becnrd  of  Besults  of  ObserYations  in  Meteorology, 
Terrestrial  Magnetism,  (fee,  Jan.,  1898  to  Mar.,  1894. 

Mexico,  Obsebyatobio  METEOBOL6Gico-MAaN&Tioo  Centbal. — ^Boletin  Mensual, 
Tomo  in.  No.  5.— Besumen,  Jan.  to  Oct.  1894. 

Mexico,  Sociedad  Cientifica  "  Antonio  Alzate."— Memoriae,  Tomo  VII.  Nos.  8  to 
12. 

Michigan,  State  Boabd  of  Health. — ^Annual  Beport  of  the  Secretary  for  the  year 
ending  June  30, 1891. 

Milan,  B.  Osbebyatobio  Astbonomic  di  Bbeba.— Ossenrazioni  Meteorologiohe,  1893. 

Monteyideo,  Sociedad  Meteobol63ica  Ublouaya. — BeYista  mensuaJ  de  meteorologia 
pr6otioa,  Tomo  II.  Nos  1  to  4. 

Moscow,  Socii:T£  Imp&biale  des  Naturalistes.— Bulletin,  1893,  No.  4  to  1894, 
No.  1. 

Munich,  E.  B.  Meteobologischb  Central  Station. — ^Beobachtungen  der  meteoro- 
logischen  Stationen  im  Eon.  Bayem,  Jahrgang  XIV.  Heft  5,  and  Jahrgang  XV.  Heft 
3  to  Jahrgang  XVL  Heft  8.— Uebersicht  fiber  die  WitterungSYerhiiltnisse  im  Eon. 
Bayem,  Noy.  1893  to  Oct.  1894. 

Natal,  Obsebyatoby.— Beport  of  the  Superintendent  for  the  year  ending  June  30, 
1898. 

Newhayen,  Obsebvatobt  of  Yale  Uniyebsity.— Beport  of  the  year  1893-4. 

New  Yobk,  Centbal  Pabk  Obsbbyatoby.— Abstracts  of  Begisters  from  self-recording 
instruments,  Noy.  1893  to  Oct.  1894. 

Ottawa,  Geological  SubyeyDepabtment.— Annual  Beport,  1890-1. 

Pabis,  Bubeau  Centbal  Met£obologique. — Annales,  1891-2. — ^Bulletin  International, 
1894.— Bapport  de  la  Conference  M6t6orologique  Internationale.  Beunion  de  Munich, 
1891. 

Pabis,  Obsebyatoibe  de  la  Toub  Saint-Jacques.— B£sum6  des  ObserYations  M6t^r- 
ologiques,  July  1891  to  Dec.  1898. 

Pabis,  Obsebyatoibe  Municipal  de  Montsoubts. — Annuaire,  1894-5. 

Paris,  SociI:t£  MtTioROLooiQUE  de  France. — Annuaire,  July  1893  to  Sept.  1894. 

Philadelphia,  Ambbican  Philosophical  Society.— Proceedings,  Nos.  142,  144  and 
145. 

PoLA,  E.  E.  Hydbogbaphisches  Amt. — Meteorologische  und  magnetische  Beobachtun- 
gen,  NoY.  1893  to  Oct.  1894. 

Pobt-au-Pbince  (Haiti),  Obsebyatoby. — Meteorological  ObserYations,  1892. 

Pbaoue,  E.  E.  Stebnwabte. — Magnetische  und  meteorologische  Beobachtungen, 
1893. 

Puebla,  Obsebyatobio  Meteobologico  de  Colegio  Catolico  del  S.  Cobazon  de 
Jesus. — Dictamen  sobre  la  improbabilidad  del  Temblor  anunoiado  en  Mexico  para  el 
10  de  Agosto. — Besumen  de  las  obsenraoionea  meteorologicas,  1879  and  1887-9. 

Puebla,  Obsebyatobio  Mkteorolooico  del  Colegio  del  Estado.— Besumen  corres- 
pondiente  a  cada  dia,  Apr.  to  Dec.  1893. 

Bio  de  Janeibo,  Obsebyatobio.— Annuario,  1893. 

{U>^b,  Spegola  VAncANA.-*PnbbUoazioniy  Vol.  IV.  1894, 
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BoME,  Ufficio  Gentbale  Meteobolooico  e  Qeodxnamico  Italiako. — Axmali,  Serie 
Seoondo,  Vol.  XII.  part  1,  XIV.  part  I,  and  XV.  part  1. 

San  Fernando,  Imstituto-t-Obsebtatobio  de  Mabina. — Anales,  Seccion  2a.  Obser- 
vaoiones  Meteorologioas  y  Magneticas,  1892. 

San  Jos&,  Inbtituto  Fisico-GEOoBAnco  t  del  Museo  Nacional.— Anales,  Tomo  IV. 
1891. 

San  Paulo,  Commissao  GsoaBApmcA  SsgcAO  Meteobolooica.— Dados  Olimatologicos, 
1890-2. 

Sophia  (Buloabia),  Station  Centbalb  MiT^oBOLoeiQUE, — Bulletin  Annuaire, 
1891-8.— Baletinmensnel,  Jan.  to  Nov.  1894. 

SouTHPOBT,  Meteobolooical  Depabtuent. — Report  and  Results  of  Observations  for 
the  year  1893.    By  J.  Baxendell. 

Stockholm,  K.  Sybnska  VETENSKAPs-AsADEUL—Observations  du  Magnet isme  Ter- 
restre  faites  &  Upsala  sous  la  direction  de  Bob.  Thalen  pendant  Texploration  inter- 
nationale  des  Regions  Polaires  en  1882-^.    Calcul^es  et  r^dig^es  par  £.  Sulander. 

Stockholm,  Mbteobologiska  Centbal-Anstalten.— Manadsofversigt  af  Vaderleken 
i  Sverige,  Not.  1893  to  Oct.  1894.— Meteorologiska  lakttagelser  i  Sverige,   1889-90. 

Stonthubst,  Colleqe  Obsebyatobt.— Results  of  Meteorological  Observations,  1893. 

St.  Fetebsbubo,  Eaiseblichb  Akademib  deb  Wissenschaften. — Repertorium  fiir 
Meteorologie,  Band  XVI.  1893. 

St.  Petebsbubo,  Physikalibchss  Centbal-Obsebvatobium. — Annalen,  1892. 

Stbassbubo,  Meteobolooischsb  Landebdienbt  in  Elbass-Lothbinoen.— Ergebnisse 
der  meteorologischen  Beobachtungen  im  Reichslande  Elsass-Lothringen,  1892. 

Sydney,  Obsebyatoby.— Daily  Weather  Charts,  1893. — Diagram  of  Isothermal  Lines 
of  New  South  Wales.— Meteorological  Observations,  July  1893  to  June  1894.— Results 
of  Rain,  River,  and  Evaporation  Observations  made  in  New  South  Wales,  1892. 

Sydney,  Royal  Society  of  New  South  Wales.— Journal  and  Proceedings,  VoL 
XXVn.  1898. 

Tacubaya  (Mexico),  Obsebvatobio  Astbon6mico  Naoional. — ^Anuario,  1894-5. 

Tananabive,  Obsebyatoibb  Royal  db  Madaoascab. — Observations  M^t^orologiques, 
1892. 

ToKio,  Centbal  Meteobolooical  Obsebyatoky. — Annual  Report,  1891.  part  2,  1892, 
part  1,  and  1893,  part  1. 

ToKio,  Impebial  Univebsity  of  Japan. — Calendar,  1893-4. 

ToBONTo,  Meteobolooical  Office.— Monthly  Weather  Review,  July  1893  to  May 
1894.— Report  of  the  Meteorological  Service  of  the  Dominion  of  Canada,  1889. — 
Toronto  General  Meteorological  Register,  1893. 

Tbisbte,  Obsebvatobio  Abtbonomico-Meteobologico.— Rapporto  Annuale,  Vol.  VIII. 
1891. 

TuBiN,  SoczetJL  Meteoboloqica  Italiana.— BoUettino  mensnale,  Dec.  1893  to  Nov. 
1894. 

Upsala,  Meteobolooibxa  Obsebvatobium.— Bulletin  mensuel,  1893.— Proc^so 
Verbaux  du  comity  de  Tatlas  de  nuages  &  Upsala  en  aoilt  1894. 

Utbecht,  E.  Nedeblandsch  Meteobolooisch  Instituut. — Onwcders  in  Nederlaiid« 
1898. 

Veba  Cbuz,  Obsebvatobio  Meteobolooico  Centbal.— Registro  de  observaciones 
meteorologicas,  Feb.  1894. 

ViBNKA,  E.  K.  CeNTBAL-AnBTALT  FUB  MeTEOBOLOOIB  UND  EBDMAa]fSTX8MUB.-»B60baoh- 

tungen,  July  1893  to  July,  1894.— Jahrbuch,  1892. 

Vienna,  Oebtbbbeichische  Qesbllbchaft  fGb  Mbtbobolooie.— MeteorologiBoheB 
Zeitschrift,  Dec.  1898  to  Nov.  1894. 

Vienna,  Sonnblick-Vebbin.— Zweiter  Jahres-Bericht,  1893. 

Wabhinoton,  Geolooxcal  Subvsy.— Twelfth  and  Thirteenth  Annual  ReportSi 
1690-2. 

Wabhinoton,  Htdboobaphio  Offigx.— Pilot  Charts  of  the  North  Atlantic  Oceans 
1894.— Pilot  Charts  of  the  North  Pacific  Ocean,  July  to  Deo.  1894. 

WASHmoTON,  Naval  Obsbbvatoby.— Magnetic  ObservationB,  1892.— Meteorological 
ObservationB  and  Refeults,  1889.— Report  of  the  Superintendent  for  the  year  ending 
June  30,  1893. 

Wabhinoton,  Smithsonian  Institution— Annual  Reports,  1891*2. 

Wabhinoton,  Weathxb  Bubbau.— Currents  of  the  Great  Lakes.— Monthly  Weather 
Review,  Oct.  1893  to  Aug.  1894.— Protection  from  Lightning.  By  A.  MoAdie.— > 
Report  of  the  Chief  for  the  years  1891-3.— Report  of  the  International  Meteorological 
Conference  at  Chicago,  Aug.  21-24,  1893.— Summary  of  International  Meteorological 
ObservationB.    By  H.  fi.  C.  Dunwoody. 

Wattobd,  Hbbtfobdbhibb  Natubal  Hibtobt  Soouty.— TranBactionB,Vol.  Vn.  parts 
8  and  9. 

WxLLXHOToif,  N.Z.,  Bsoibtbab-Gmbeal'b  OmcB.— Statifltios  of  the  Colony  of  New 
Zealand,  1892.--The  New  Zealand  Offioial  Tear  Book,  1894. 
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Wellington  College  (Bebkb)  Natural  Science  Society. — Annual  Beport,  1893. 
York,  Yorkshire  Philosophical  Society.— Annual  Report,  1893. 
Zi-Ea-Wei,    Obseryatoibe    Magnetique  et  MiiT&oROLOGiQUR. — Bulletin  Mensuel, 
1892.— Typhous  de  1892,  Juillet,  Aodt,  Septembre.     Par  le  B.  P.  S.  ChevaUer  8.J. 
Zurich,  Schweizbrische  Meteorologische  Central- ANSTALT.—Annalen  1891-2. 


Presented  by  Individuals, 

Abebcrohby,  Hon.  B. — An  Essay  on  Southerly  Bursters.     By  H.  A.  Hunt. 

Aeerblom,  p. — De  Temploi  des  photogramm^tres  pour  mesurer  la  hauteur  des  nuages. 

Andree,  S.  a. — lakttagelser  under  en  Ballongfard  den  15  Jali  et  9  Angusti,  1893. 

Batchelder,  S.  F. — A  new  series  of  Isaoomalous  Temperature  Charts,  based  on 
Buchan's  Isothermal  Charts. 

Baturoni,  G.—Diagrama  de  Presion,  Temperatura,  Lluvia,  y  Yiento,  de  Yeracruz, 
July  to  Dec.  1893  (MS.). — Begistro  de  observaciones  meteorologicas  de  Yeracruz,  July 
to  Dec.  1893  (MS.). 

Baxendell,  J. — Meteorological  observations  at  Southport,  Deo.  28,  1893,  to  Dec.  21, 
1894. 

Bayard,  F.  C. — Sketches  accompanying  Beport  of  U.S.  Coast  Survey,  1851. 

Bell,  0.  W.— Charts  from  Richard's  Barograph  at  Yewhnrst,  East  Qrinstead, 
1893  (MS). 

BowKER,  A   F. — Table  of  Meteorological  Observations,  Town  Mailing,  Kent,  1893. 

Braddon,  W.  L.— Beport  on  the  Medical  Department  of  the  State  of  Snugei  Ujong, 
1892. 

Brown,  A.  and  Boobbyeb,  P. — The  Meteorology  of  Nottingham,  1898. 

Cabblla,  L. — Illustrated  and  Descriptive  Catalogue  of  Automatic  Becording  Instru- 
ments (Syst^me  Bichard  Frdres)  for  Science,  Engineering,  and  Commerce. 

Chandler,  A. — Abstract  of  Meteorological  Observations  made  at  Torquay,  1893.— 
Sunshine  Becording :  The  Instruments  and  their  Uses. 

Clark,  J.  E. — Natural  History  Journal,  1894. 

Clayton,  H.  H. — Six  and  Seven  Day  Weather  Periods.— The  movements  of  the  air 
at  all  heights  in  cyclones  and  anticyclones,  as  shown  by  the  cloud  and  wind  records  at 
Blue  Hill. 

Cline,  Db.  I.  M.— Notes  on  the  climate  and  health  of  Galveston,  Texas. — The 
climate  of  Texas  in  its  relations  to  the  distribution  of  diseases  and  the  effects  of  climate 
and  weather  changes  in  causing  diseases  and  deaths. 

CoHN,  Dr.  F. — Die  Klimatisehen  Yerhaltnisse  von  Eonigsberg  nach  filnfundvierzig- 
jahrigen  meteorologischen  Beobachtungen. 

Colladon,  The  Family  of  the  late  Prof.  D.— Souvenirs  et  M6moires,  Autobiographie 
de  J.  Daniel  Colladon. 

Collenstte,  A.— Mean  Besults  of  meteorological  observations  taken  in  Guernsey, 
1843-93. 

Cooke,  B.— Bainfall  in  1893  at  Detling,  Maidstone  (MS). 

Coventry,  F.—Bainfall  at  Ketton  Hall,  Stamford,  1893. 

CoxEN,  Mrs.— Meteorological  Observations  at  Bulimba,  Queensland,  July  to  Bee. 
1893  (MS.). 

Culley,  E.  H.— Meteorological  Observations  at  Monmouth,  1894  (MS.). 

Danokelman,  Dr.  A.  von.— Bemeknngen  Uber  das  Elima  Ton  Jaluit.  Naofa  Dr. 
Stein  bach. 

Davis,  W.  M.— Elementary  Meteorology. — The  winds  of  the  Indian  Ocean. — 
William  Ferrel. 

Denza,  Padbe  F.  (thb  late). — I  freddi  del  Gennaio  1893. — I  grandi  calori  d*Ago6to 
nel  1893.— Stelle  Cadenti  dell'Agoseo  1893  osservate  in  Italia. 

Dickson,  H.  N. — Beport  on  the  Physical  investigations  carried  out  on  board  H.M.S. 
Ja4!kal,  1898-4. 

Dixon,  H.  P.— Wiltshire  Bainfall,  Dec.  1893  and  (maps  only)  Jan.  to  Nov.  1894. 

Doyle,  P.— Indian  Engineering,  Yol.  XIV.  No.  27  to  Yol.  XYI.  No.  23. 

Deuce,  F.— Meteorological  Observations  at  Upper  Gatton,  Surrey,  1894  (MS.). 

Durand-Greville,  E. — Les  grains  et  les  orages. 

Edge,  T.  L.  K.— Meteorological  Begitster  kept  at  Mansfield  Woodhoase,  1796.  By 
H.  Booke. 

Editor. — American  Meteorological  Journal,  1891. 

EDiTOR.»Ciel  et  Terre,  1894. 

Editor. — Electrical  Beview,  J  894. 

Editor.— 11  Bosario  e  la  Nuova  Pompei.  Anno  X.  No.  11  to  Anno  XI.  No.  9. 

Editor.— Nature,  1894. 

Editors.— Observatory,  1894. 

Ekholm,  N.— Om  psykrometerformeln,  sarskildt  vid  laga  lafttryok. 
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Ekholm,  N.  undAbrhbnius,  S.— Ueber  den  Einflass  des  Mondea  auf  den  elektrischen 
Zastand  der  Erde. 

Elliot.   Db.  G.  S.— Meteorological  Observations  at  Gaterbam,  Snrrey,  1894  (MS.). 

Ellis,  W.— Map  showing  for  the  Westminster  Clock  Bell  the  allowance  of  time  to  be 
made  on  account  of  the  Telocity  of  soand.— Map  showing  lines  of  equal  magnetic  de- 
clination for  Jan.  1,  1894. 

Fabrah,  J.-*The  Weather  in  Harrogate  during  1893. 

Fox,  W.  L.— Falmouth  Observatory,  Meteorological  and  Magnetical  Tables  and 
Beports,  1893. 

Gltde,  £.  E. — Meteorological  Observations  at  Tavistock,  Devon,  Jan.  to  Oct.  1894. 

Grben,  W.  a.— Original  MSS.  Papers  of  the  late  Lieut.  Wm.  Pringle  Green,  B.N., 
relating  to  Meteorological  subjects. 

Gbkenwood,  Capt.  W.  N. — Tides  and  Tidal  Phenomena  considered  in  connection  with 
atmospheric  pressure. 

GuNTBB,  Db.  F.  E.— Report  of  the  Devonshire  Hospital  and  Buxton  Bath  Charity, 
1893. 

GuppT,  H.  B.— Biver  Temperature. 

Hall,  M.— Jamaica  Weather  Report,  Nov.  1898  to  Sept.  1894. 

Hamlyn,  J. — Meteorological  Observations  at  Buckfastleigh,  Devon,  1894  (MS.). 

Hann,  Db.  J.— Beitrage  zum  tagliohen  Gauge  der  meteorologischen  Elemente  in 
den  hoheren  Luftschiohten.— Die  tagliche  Periode  der  Windstarke  auf  dem  Sonnblick* 
gipfel  und  auf  Berggipfeln  iiberhaupt.— Meteorologioal'stations  and  publication  of  results 
of  observations. 

Habbinoton,  M.  W. — The  Texan  Monsoons. 

Habbison,  Db.  C— Annual  report  of  the  Medical  Officer  of  Health  of  the  City  of 
Lincoln,  1892. 

Habtl,  Libut.  H. — Vergleiehe  von  Quecksilber-Barometern  mit  Siede-Thermome- 
tem. 

Havilani),  Db.  A. — The  Geographical  Distribution  of  Disease  in  Great  Britain. 

Henshall,  E.^Meteorological  Observations  at  Woolaoombe,  N.  Devon,  1894  (MS.). 

Hill,  G.  H.— Returns  of  Rainfall  in  the  Glasgow,  Manchester,  Ashton,  Dewsbury, 
Stockport,  Halifax,  Blackburn,  Home  Reservoirs,  Oldham,  and  Batley  Waterworks 
Districts,  1889  to  1893. 

Holzel,  E. — Die  Temperatur  fliessender  Gewasser  Mitteleuropas.  Von  Dr.  A.  E. 
Forster. 

HoPKiNSON,  J.— Climate  of  Watford,  1877-86.— Climatological  Observations  In 
Hertfordshire,  1691-3.— Meteorological  Observations  at  St.  Albans,  1891-3.— Rainfall 
in  Hertfordshire,  1892-8. 

HuNTEB,  J. ~ Meteorological  Observations  at  Belper,  1894. 

Kamicbbicanm,  a.— B6sum6  M6t6orologique  de  I'ann^e  1893  pour  Geneve  et  le  Grand 
Saint  Bernard. 

Eellt,  Db.  C. — Report  on  the  Epidemic  of  Enteric  Fever  in  1893,  in  the  Borough 
of  Worthing,  in  Broadwater,  and  in  West  Tarring. 

Elosbovskt,  a. — Distribution  annuelle  des  orages  &  la  surface  du  globe  terrestre.— 
Le  climat  d' Odessa. — Organisation  de  T^tude  climat^rique  sp^ciale  de  la  Rnssie  et  pro- 
bldmes  de  la  m6t6orologie  agricole.— Revue  M6t6orologique.  Travaux  du  reseau 
m6t6orologique  du  sud-ouest  de  la  Russie,  1898,  Vol.  YI. 

Lanoastbb,  a.— Le  Climat  de  laBelgique  en  1893. 

Langlet,  S.  p.— The  Internal  Work  of  the  Wind. 

LiKGTorr.— Meteorological  observations  at  Aburi  and  Accra,  West  Africa,  1891-3. 

LisTEB,  M.— Annual  Report  on  the  State  of  Negri  Sembilan,  1898. 

LovEL,  J.  (the  late).— Temperature,  Rainfall,  and  Sunshine  at  Driffield,  1889-9S. 

Ltndon,  Mbs.  C— Meteorological  Observations  at  Wellington,  Somerset,  1894  (MS.). 

Mabxham,  C.  a. — Meteorological  Report  for  Northamptonshire,  Oct.  1893  to  Sept. 
1894. 

Mabbiott,  W. — Moisture,  its  determination  and  measurement. 

Maushall,  S.  a.— Rainfall  in  Lake  District,  Deo.  1898  to  Nov.  1894. 

Mawlbt,  E.— The  Rosarian's  Year  Book,  1894. 

McLandsbobouoh,  J.  &  Pbbston,  a.  £. — Meteorology  of  Bradford,  1893. 

Melush,  H.— The  Weather  of  1893  at  Hodsock  Priory,  Worksop. 

Millbb,  S.  H.— Wisbech  Meteorology.  1861-76  (MS.). 

MrroHELL,  Rev.  J.  C— The  Weather  of  1893  at  Chester. 

MooBE,  Db.  J.  W.— Abstract  of  Meteorological  Observations  at  Dublin,  1893. 

MoBBisoN,  J. — Meteorological  Observations  at  Ballinluig,  Perthshire,  1894  (MS). 

Mobsman,  R.   C. —Results  of  Meteorological  Observations  taken  at  Edinburgh,  1898. 

Pabambt,  J.  M.— Meteorological  Report  for  Albert  Park,  Middlesborough,  Deo.  1893 
to  Nov.  1894  (MS.). 

Peabson,  C.  N.— Meteorological  Observations  at  Reading,  1894  (MS^. 

Peek,  C.  B. — Meteorologiofd  Observations  at  Rousdon  Observatory,  Devonshire,  1893. 
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Phillips,  F.  H.— Meteorological  Observations  at  Ditobling,  Sussex,  1894  (MS.). 
PoMOBTZEFF,  CoL.  M.  M.— Apparatus  to  determine  the  directions  and  angular  move- 
ments of  clouds. — Determination  of  the  directions  and  angular  velocity  of  the  move- 
ments of  clouds. 

Pbbston,  a.  W.— Meteorological  Notes,  1893 :  from  observations  taken  at  Blofield 
and  Bnindall,  Norfolk. 

Prince,  C.  L.— Journal  of  the  Weather  at  Warwick,  1769  (MS.).— Journal  of  the 
weather  at  Schuokburgb,  Oct.  1789  to  Sept.  1797  (MS.). 

Bausay,  a. — The  Scientific  Boll,  Climate ;   Baric  Condition,  Nos.  1  to  5. 

Bavenstein,  E.  G.-— Beport  on  meteorological  observations  in  British  East  Africa  for 
1893. 

Bebuan,  p.  J.— Meteorology,  Practical  and  Applied.    By  Dr.  J.  W.  Moore. 
Bichabdson,    N.    M.  —Report  on  Observations  on  the  appearances  of  Birds,  Insects, 
(fee,   and  the  Flowering  of  Plants  and  Betums  of  Bainfall  in  Dorset  during  1892. 
BiooENBAOH,  A . — Die  Niedersohlagsverhaltnisse  des  Eancons  Basel  und  ihre  Bezieh- 
ung  zur  Bodengestalt.-— Witterungs-Uebersicht  des  Jahres  1893. 

BoBiNSON,  J.^Quelques  notes  sur  I'hydrologie  du  bassiu  dn  Nil.  Par  A.  F. 
Ventre-Bey. 

Botch,  A.  L.— Meeting  of  the  International  Meteorological  Committee.— The 
Meteorological  Services  of  South  America.- The  Pole  Star  Beoorder.  By  S.  P. 
Fergusson. 

BuNO,  Capt.  G.— Bepartition  de  la  Preasion  Atmosph^riqne  sur  TOoean  Atlantiqne 
Septentrional  d'apr^  les  observations  de  1870  d,  1889  avec  la  direction  moyenne  du 
Tent  sur  les  littorauz. 

BusBELL,  H.  C— On  Meteorite  No.  2  from  Gilgoin  Station.— Pictorial  Bain  Maps. 

Salle,  0.— Das  Wetter,  1894. 

Sandbbson,  T.  H. — ^B€sum6  Mensuel  des  observations  meteorologiques  faites  a 
Tobservatoire  Kh^divial  du  Caire,  Jan.  1888  to  July  1894. 

Scott,  B.  H.— The  publication  of  Daily  Weather  Maps  and  Bulletins.— Questions 
and  Answers  on  Meteorology. 

Shaw,  Bbv.  G.— Meteorological  Observations  at  Farafangana,  Madagascar,  Oct.  1893 
(MS.). 

Shewabd,  B. — Annual  Beport  of  Meteorological  Observations  at  Eastbourne,  1893. 

Shoolbbed,  J.  N.— Besumen  de  las  obaervaoiones  meteoroldgicas  de  Bilbao,  1860-1. 

SiNOBB,  Db.  K. — ^Wolkentafeln. 

Slade,  F. — Meteorological  Observations  at  Beokford,  Tewkesbury,  1893. 

Smith,  H. — Bainfall  and  Temperature  at  Eenley  for  six  years,  1888-93. 

Spabkb,  F.  J. — Meteorological  Observations  at  Grewkeme,  Somerset,  189i  (MS.). 

Stanfobd,  E.— Cloudland.    By  Bev.  W.  Clement  Ley. 

Stelliko,  E. — Magnetische  Beobachtnngen  im  ostsibirischen  Ktlstengebiete  im  Jahre 
1890  nebst  Bemerkungen  iiber  die  Aenderungen  der  erdmagnetischen  Elemente 
daselbst. 

Stokes,  J.— Annual  Beport  of  the  Medical  Officer  of  Health,  and  Meteorological 
Beport  for  Margate,  1893. 

Swan,  Sonhenscbxim  and  Co.  —Bain  Making  and  Sunshine.    By  J.  Collinson. 

Syuons,  G.  J. — English  Meteorological  Literature,  1337-1699. — Symons's  British 
Bainfall,  1893. — Symons's  Monthly  Meteorological  Magazine,  1894. 

Taochini,  p.— Sulle  carte  magnetiche  dltalia  eseguite  da  Ciro  Chistoni  e  Luigi 
Palazzo  per  cura  del  B.  Ufficio  Centrale  Meteorologioo  di  Boma. 

Tatlob  and  Fbancis  (Messbs.)  .^Taylor's  Calendar  of  the  Meetings  of  the  Scientific 
Bodies  of  London,  1894-5. 

Tinslbt,  G.  W. — The  vaster  forces  in  Meteorology  and  Astronomy. 

Todd,  Sib  C— Meteorological  Work  in  Australia. 

Tbeachbb,  W.  H.— Annual  Report  of  the  State  of  Selangor,  1893. 

Tbipp,  C.  U.— Thirty  years'  Bainfall  at  Altarnum,  Cornwall,  1864-94. 

Ttbeb,  B. — Annual  Beport  of  the  Sanitary  Condition,  <ftc.  of  the  Borough  of  Chelten* 
ham  for  the  year  1893.  By  [Dr.  J.  H.  Garrett.—The  Meteorology  of  Cheltenham, 
1893.— Bainfall  in  the  County  of  Gloucester,  Dec.  1898  to  Not.  1894. 

Yallot,  J.— Annales  de  TObservatoire  M^t^orologique  dn  Mont-Blanc,  Vol.  I. 

Veby,  F.  W.— Hail-storms. 

Walxeb,  E.  O.— Earth  Currents  in  India. 

Wallbb,  J.  G.— Annual  Beport  on  the  Health,  Sanitary  Condition,  <feo.  of  the  Dig' 
trict  of  Woolwich,  1893.    By  Dr.  W.  B.  Smith. 

Wabd,  B.  de  C— List  of  Cloud  photographs  and  lantern  slides. 

Wabbt,  Db.  J.  E. — Reports  on  the  Sanitary  Condition  of  the  Hackney  Disiriot,  1889' 
92. 

WuiLUMS,  Db.  C.  T.— Aero-Therapeutics. 

Wilxhtjbst,  a.  J.— Temperature  and  Bainfall  at  Manor  Park,  Essex,  Deo.  1893  to 
Not.  1894  (MS.). 
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WoEiKor,  A. — Bemerkunfi^en  zn  Hermann's  Abhandlnng :  Beziebnngen  der  Wetter- 
karten  znr  alJgemeinen  Cirkulation. — Bodentemperatnr  nnter  8cbnee  and  ohne  Schnee 
in  Katherinenbarg  am  Ural.— DaB  Elima  und  die  Kultnr.— Der  bdchste  bis  jetzt 
beobacbtete  Luftdrnck  anf  der  Erde.— Der  Januar  1893  in  Bassland. — Der  taglicbe 
.  Gang  der  Temperator  nnd  der  fclydrometeore  in  Nordindien. — Gefrieren  des  Hudsons- 
flasses  in  Albany,  Yereinigte  8taaten. — Klimaschwanknngen,  reap,  mebrjabrige 
Perioden  der  Witterung  und  ihre  Erforschung.— Klimatologiacbe  Zeit-und  Streitfragen. 
I.  Bemerkungen  uber  den  Einflass  Yon  Land  and  Meer  auf  die  Lafttemperatur.  IV. 
Bind  die  Winter  im  Norden  warmer  geworden  ?  Y.  Eontinentales  und  ozeaniscbes 
Elima.  VI.  Abhangigkeit  der  Begen  von  der  Aenderung  des  QuerBchnittes  der  Lufts- 
trdme. — Mebrjabrige  Scbwankungen  der  Tiefentemperaturen  des  Genfersees  und  an- 
derer  Seen  und  Binnenmeere  warmerer  Geganden. — Begenfall  des  siidwestliohen 
Transkaukasien. 

WooDD,  B.  T.— Charts  from  Ricbard  Barograpb  at  Conyngbam  Hall,  Enareeboro,* 
1893  (MS.). 

ZsNOBB,  Prof.  C.  V. — Coup  de  foudre  remarquable. — ^L'6leotricit6  oonsid^r^e  comme 
on  moavement  tourbillonaire. — ^Le  syst^me  du  monde  61eotrodynamiqne. 


APPENDIX  VI, 
REPORTS   OF  OBSERVATORIES,  Ac. 

The  Meteorological  Office.  —  Lieut. -Gen.  R.  Stracbev,  R.E.,  C.S.L, 
P.R.S.,  Chairman  of  Council ;  Robert  H.  Scott,  M.A.,  F.R.S.,  Secretary ;  Nav. 
Lieut.  C.  W.  Baillie,  F.R.A.S.,  Marine  Superintendent. 

Marine  Meteorology. — Current  Charts  for  all  Ocea/w.— The  additions  made 
to  these  charts  during  the  year  have  consisted  in  the  entry  of  any  currents  which 
have  come  in  from  recent  voyages.  Among  these  may  be  mentioned  observa- 
tions taken  on  board  H.M.  ships,  and  a  series  of  observations  from  the  Indian 
Ocean  and  Western  Pacific,  received  from  the  Imperial  Austrian  Navy.  The 
work  of  generalising  the  currents  has  now  been  undertaken ;  this  is  an  operation 
requiring  much  consideration  and  judgment.  It  is  not  yet  decided  whether  it 
will  be  advisable  to  bring  out  twelve  monthly  charts  for  each  ocean,  or  whether 
(c./7.)  quarterly  charts  will  meet  the  requirements  of  sailors. 

The  Red  Sea. — These  charts  are  now  complete,  and  will  be  issued  in  the 
course  of  the  spring. 

The  Meteorology  of  the  South  Sea, — The  extraction  and  discussion  of  materials 
has  been  finished,  and  the  charts  are  now  in  process  of  preparation  for  the 
engravers. 

The  South  Atlantic^Qood  progress  has  been  made  with  the  examination  and 
extraction  of  data.  The  region  is  verv  extensive,  and  the  mode  of  treatment 
required  will  probably  be  different  in  different  pans  of  the  area. 

The  second  edition  of  the  Barometer  Manual  for  Seamen  has  been  published. 

Weather  Telegraphy.— The  only  addition  to  the  Weather  Reporting  Sta- 
tions during  the  year  has  been  that  the  Swedish  Government  has  forwarded 
reports  from  Carlstad  on  Lake  Wener. 

The  Rain  Tables  for  the  British  Isles  for  the  decade  1881-90  are  in  the  press. 
The  values  for  £ngland  have  been  printed,  and  the  information  for  Scotland  and 
Ireland  is  less  copious,  so  that  it  can  soon  be  set  up.  The  preparation  of  tables 
for  back  lustra,  for  such  stations  as  were  not  contained  in  the  previous  publica- 
tion, and  for  which  data  for  periods  earlier  than  1881  exist,  will  now  be  pro- 
ceeded with. 

Land  Meteorology  of  the  British  Isles. — The  volume  of  Hourly  Mean 
Readings  for  Jive-dag  periods  for  the  Four  Observatories  in  1891  has  not  yet 
appeared,  but  that  for  1892  is  in  an  advanced  stage,  awaiting  the  completion  of 
the  hourly  tabulation  of  sunshine,  as  mentioned  in  last  year's  Report. 

Mr.  Dines'  pressure  tube  anemometer  has  been  in  action  in  the  Office  in 
London  for  two  years, -and' it  is  now  contemplated  to  erect  some  of  these  instru- 
ments at  coast  stations,  as  at  Scilly  or  Holyhead,  where  there  already  exist  other 
instruments,  with  which  the  indications  yielded  by  Mr.  Dines'  apparatus  can  be 
compared. — March  llth^  1895. 
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Royal  Observatory,  Greenwich. — W.  H.  M.  Christie,  M.A.,  P.R.S., 
Astronomer  Royal. 

The  rapid  gearing  by  means  of  which  the  registering  sheet  of  Osier's  anemo- 
meter could  be  made  to  travel  at  12  times  the  ordinary  speed  having  been  found 
to  work  satisfactorily,  a  further  change  was  introduced  in  the  month  of  July 
enabling  records  to  be  made  at  a  speed  of  24  times  the  ordinary  rate. 

Numerous  records  have  been  made  on  this  extended  scale  in  high  winds  with 
satisfactory  results,  and  the  scale  is  now  considered  to  be  sufficientl^r  opened 
out.  Information  relating  to  the  gale  of  December  22ad  has  been  furnished  to 
Mr.  C.  Harding. 

On  account  of  the  extension  of  the  buildings  for  the  north  wing  of  the  New 
Physical  Observatory  to  the  southern  boundary  of  the  Meteorological  enclosure, 
it  has  been  found  necessary  to  remove  the  thermometer  stand  and  the  Stevenson 
pcreen  to  temporary  positions  near  the  north  front  of  the  photographic  thermo- 
meter shed,  but  the  final  positions  for  these  instruments  have  not  yet  been 
arranged.  One  rain  gauge  has  also  been  shifted  to  a  more  open  situation.  Care 
has  been  taken  to  prevent  interference  to  the  instruments  by  workmen  during 
the  progress  of  building  operations. 

The  abstracts  of  the  observations  of  the  temperature  of  the  air  for  the  50 
years  1841-1890  have  been  completely  passed  through  the  press,  and  the  intro- 
duction (in  the  printer's  hands)  is  alone  wanting  to  complete  this  work,  which 
will  be  now  ready  for  issue  in  a  very  short  time. 

The  mean  temperature  for  the  year  1894  was  49''9,  being  0°'6  above  the  60 
years'  average.  The  maximum  temperature  was  86^*0  on  July  6th,  and  the 
minimum  12°-8  on  January  5th.  The  total  amonnt  of  sunshine  for  the  year  was 
1,052  hours,  being  400  hours  less  than  in  1893.  The  total  rainfall  amounted  to 
26-89  ins.  on  192  dtiyB.— April  Sth,  1895. 


Royal  Observatory,  Edinburgh.— Ralph  Copeland,  Ph.D.,  F.R.S.E., 
Astronomer  Royal  for  Scotland. 

The  daily  meteorological  readings  have  been  continued  as  in  former  years, 
together  with  weekly  obsei-vatiohs  of  the  rock  thermometers.  The  same  large 
discrepancy  as  before  is  shown  between  the  rain  gauge  on  the  roof  and  that 
on  the  grass  22  feet  below,  the  upper  gauge  catching  only  18*53  ins.  in  1894, 
as  compared  with  28*02  ins.  at  the  lower  level. 

It  has  not  yet  been  practicable  to  begin  observations  at  the  new  Observatory, 
but  it  is  hoped  that  the  meteorological  instruments  will  be  in  full  working  order 
before  the  close  of  the  summer. — February  16<A,  1895. 


Kew  Observatory  of  the  Royal  Society,  Richmond,  Surrey.— Charles 
Chree,  M.A.,  Superintendent. 

The  several  self-recording  instruments  for  the  continuous  registration  of 
atmospheric  pressure,  temperature  of  air  and  wet-bulb,  wind  (direction  and 
velocity),  bright  sunshine,  and  rain,  have  been  maintained  in  regular  operation 
throughout  the  year,  and  the  standard  eye  observations  for  the  control  of  the 
automatic  records  duly  registered. 

The  tabulations  of  the  meteorological  traces  have  been  regularly  made,  and 
these,  as  well  as  copies  of  the  eye  observations,  with  notes  of  weather,  cloud, 
and  sunshine,  have  been  transmitted,  as  usual,  to  the  Meteorological  Office. 

Early  in  the  year  a  new  **  worm  "  spindle  was  fitted  to  the  direction  fans  of 
the  anemograph,  and  the  square-headed  pricker  was  replaced  b^  a  round  one, 
made  of  extra  hardened  steel.  At  the  same  time  the  direction  pencil  was 
"  trued  "  in  the  lathe  to  improve  the  marking,  and  later  on  the  velocity  spiral 
was  similarly  treated. 

The  analysis  of  the  value  of  the  residual  corrections  mentioned  in  last  Report 
indicated  that  a  re-determination  of  the  barograph  scale  was  expedient.  This 
was  carried  out  at  the  Meteorological  Office,  and  showed  that  the  old  value  of 
1*569  ins.  in  the  curve  ordinates  to  1  in.  of  pressure  should  be  replaced  by  one  of 
1*553  ins.  The  new  value  has  been  employed  since  January  1st,  and  the  irregu- 
larities of  the  residuals  have  been  much  less  marked  from  that  date* 
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The  electrograph  has  been  in  regular  action  during  the  year,  with  the  excep- 
tion of  about  11  days  in  January  and  19  days  in. August,  and  its  general  perform- 
ance has  been  satisfactory.  Advantage  was  taken  of  the  frost  in  January  to 
dismount  the  whole  of  the  instrument,  to  remove  the  old  acid  in  the  jar  and 
insulators,  and  give  the  apparatus  a  general  overhauling.  At  the  same  time  the 
scale  was  slightly  opened  out.  The  suspension  thread  was  accidentally  broken 
on  August  16th,  but  it  was  replaced,  and  the  instrument  re-started  on  Sep- 
tember 4th. 

Determinations  of  the  scale  value  were  made  on  March  30th,  June  26th,  and 
December  27th  by  direct  comparison  with  the  portable  electrometer,  White  No. 
63.  The  value  of  the  scale  divisions  of  this  latter  instrument  was  kindly  deter- 
mined by  Prof.  Carey  Foster  at  University  College  Laboratory  during  February, 
and  the  value  for  one  division  found  to  lie  between  197 — 206  volts.  These  ex- 
periments confirmed  the  scale  value  heretofore  employed,  viz.  1  scale  division  = 
200  volts. 

The  observations  of  a  series  of  distant  objects,  in  fog  and  mist,  have  been 
continued.  A  note  is  taken  of  the  most  distant  of  the  selected  objects  which  is 
visible  at  each  observation  hour.  An  analysis  of  the  results  for  the  period 
Ma^  1892  to  December  1893  has  been  prepared  and  forwarded  to  the  Meteoro- 
logical Council. 

At  the  instance  of  the  Meteorological  Council  an  electrical  anemogi*aph,  with 
an  improved  arrangement  for  recording  wind  direction,  has  been  under  trial  for 
some  months. 

To  throw  light  on  the  results  obtained  with  Lord  Kelvin's  water-dropper 
electrometer,  a  series  of  observations  have  recently  been  made  for  the  Meteoro- 
logical Office  on  the  distribution  of  electric  potential  in  the  neighbourhood  of 
the  Observatory. 

A  grant  of  £30  has  been  obtained  from  the  Royal  Society  Government  Grant 
Committee  for  the  purpose  of  conducting  a  research  on  the  oehaviour  of  aneroid 
barometers.  The  work  of  constructing  the  air  pump  and  other  apparatus  re- 
quired was  entrusted  to  Mr.  J.  J.  Hicks.  He  has  unfortunately  experienced 
considerable  mechanical  difficulties,  which  have  delayed  the  construction  of  the 
apparatus.     It  is  hoped,  however,  it  will  be  ready  for  use  at  an  early  date. 

During  the  year  the  temperature  ranged  from  14°'0  on  January  6th,  to  83°-4 
on  July  6th.  The  mean  temperature  was  49°-9.  In  the  sun's  rays  (black  bulb 
in  vacuo)  the  maximum  reading  was  138°  on  July  8th  ;  and  the  lowest  reading  of 
a  thermometer  freely  exposed  on  the  grass  was  11°  on  January  6th  and  6th. 

1,861  hours  of  bright  sunshine  were  recorded,  giving  a  mean  percentage  of 
29,  which  is  the  average  value. 

The  only  month  calling  for  notice  was  March,  when  the  percentage  was  44, 
which  is  16  per  cent,  above  the  average  for  the  past  17  years,  and  the  highest 
value  yet  obtained  for  that  month. 

The'rainfall,  28*02  ins.,  is  the  heaviest  since  1880.  There  were  3  daily  falls 
exceeding  an  inch,  viz.  Ml  ins.  on  July  10th,  1*43  ins.  on  July  29th,  and  1*36 
ins.  on  October  80th.— ifarc^  1*/,  1896, 


Radclippe  Observatory,  Oxford.— E.  J.  Stone,  P.R.S.,  Radcliffe  Observer. 

No  change  in  the  routine  or  staff  has  been  made  during  the  year.  The  gelatino- 
bromide  paper  has  been  used  for  the  photographic  registers  ;  and  the  records  of 
the  photographic  and  self-recording  instruments  have  been  satisfactory  through- 
out the  year. 

The  eye-readings  of  the  instruments  have  been  taken  as  usual,  and  reports 
sent  daily  by  telegram  to  the  Meteorological  Office,  monthly  to  the  Registrar- 
General  and  the  local  newspapers,  and  to  sanitary  and  other  authorities  on 
request. 

During  the  visit  of  the  British  Association  to  Oxford,  the  Observatory  was 
thrown  open  to  Members  and  Associates,  and  a  large  number  availed  themselves 
of  the  opnortunity  of  visiting  the  Observatory. 

The  following  aie  the  chief  characteristics  of  the  weather  noted  at  Oxford  in 
the  year  1894  :— 

The  mean  temperature  of  the  air  for  the  year  was  49®*1,  being  0°*3  above  the 
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mean  for  the  last  66  years.  The  highest  temperature  in  the  shade  was  82*''6  on 
July  Ist,  and  the  lowest  ll*''l  on  January  5th,  the  difference  being  7J°-4.  The 
highest  temperature  in  the  8un*s  rays  was  131°*4  on  July  6th,  and  the  lowest  on 
the  grass  2°*5,  on  January  5th. 

The  total  rainfall  was  30*101  Ins.,  being  3*853  ins.  above  the  mean  for  the  last 
79  years.  The  largest  monthly  quantities  of  rain  were  3'519  ins.  and  4*964  ins. 
in  October  and  November  respectively  ;  whilst  from  November  7th  to  14th  (in- 
clusive) 4*346  ins.  fell,  resulting  in  extensive  floods. — February  11 //i,  1^95. 


THE  GALE  OF  DECEMBER  2l8t.22nd,  1894,  OVER 
THE  BRITISH  ISLES. 

By  CHARLES  HARDING,  F.R.Met.Soc. 
(Plate  I.) 


[Bead  January  16th,  1806]. 

It  has  been  customary  for  some  time  past  that  the  occurrence  of  any 
exceptional  meteorological  phenomenon  should  form  the  subject  of  a  paper  for 
reading  at  a  meeting  of  the  Society — ^a  custom  which  has  the  advantage  not 
merely  of  bringing  out  the  special  features  in  connection  with  the  different 
phenomena,  but  as  time  goes  on  we  are  collecting  a  series  of  papers  on 
various  subjects  which  are  of  interest  to  the  Fellows,  and  which  may  prove 
useful  outside  the  immediate  sphere  of  the  Society.  The  present  paper  has 
been  undertaken  on  the  above  grounds,  and  it  has  been  treated  much  in  the 
same  manner  as  former  papers  which  I  have  prepared  on  similar  subjects. 

The  storm  was  one  of  exceptional  severity  over  the  northern  portions  of 
England  and  Ireland  and  in  the  south  of  Scotland.  It  developed  energy 
very  quickly,  and  travelled  with  great  rapidity  across  the  country.  For  some 
time  previous  to  the  storm  gales  were  of  frequent  occurrence  on  our  north  and 
west  coasts,  and  storm  systems  had  been  skirting  our  west  and  north  coasts 
with  great  persistency,  the  disturbances  following  very  much  the  same  track 
when  in  close  proximity  to  our  coasts. 

At  8  a.m.  on  December  21st  the  barometer  was  falling  in  nearly  all  parts 
of  our  Islands,  and  in  Scotland  and  Ireland  the  fall  in  many  places  exceeded 
0*8  in.  since  the  preceding  morning.  The  wind  had  backed  from  North* 
west  to  the  Westward  and  South-westward,  and  ^the  force  had  dropped 
decidedly,  while  rain  had  set  in  at  many  of  the  western  stations*  The 
Meteorological  Office  remarked  that  "  Further  depressions  are  approaching 
our  western  coasts,  and  mild  unsettled  weather  seems  probable  over  the 
United  Kingdom  generally,  with  freshening  South-westerly  winds  on  our 
western  coasts.'*  The  barometer  readings  ranged  from  29*64  ins.  at  Sum- 
burgh  Head  to  80*20  ins.  at  Scilly  and  Prawle  Point. 

The  2  p.m.  reports  showed  that  the  fall  of  the  barometer  was  continued, 
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the  decrease  since  8  a.m.  being  greatest  at  BelmnUet,  where  the  fall  amonnted 
to  0*22  in.  in  the  6  hours.  The  rain  area  had  considerably  extended,  bnt 
there  was  no  material  increase  in  the  wind,  Scilly  being  the  only  station 
reporting  more  than  a  fresh  breeze,  and  there  the  wind  was  only  force  6. 

At  6  p.m.  the  fall  of  the  barometer  was  still  in  progress  over  the  entire 
Kingdom,  and  in  the  west  the  decrease  was  very  rapid.  The  barometer  was 
now  as  low  as  29*84  ins.  at  Stornoway,  while  at  Scilly  the  reading  was 
80*05  ins.  The  wind  had  everywhere  become  South-westerly  and  Southerly, 
and  a  fresh  gale  had  already  set  in  at  BelmuUet,  while  winds  were  freshening 
at  all  the  western  stations.  The  barometric  fall  was,  however,  as  yot  not 
rapid  over  the  eastern  portion  of  the  Kingdom. 

There  was  now  ample  evidence  of  an  impending  storm,  and  the  following 
statement,  based  on  the  6  p.m.  reports,  was  issued  by  the  Meteorological 
Office: 

"  The  depression  which  is  approaching  the  west  of  Scotland  is  evidently  of 
considerable  depth,  and  is  likely  to  occasion  gales  from  the  South-westward  and 
Westward  over  nearly  the  whole  of  the  United  Kingdom,  with  heavy  rain  in 
some  of  the  western  and  northern  districts.'* 

The  storm- signals  were  at  this  time  flying  on  all  coasts. 

At  8  a.m.  on  the  22nd  the  obfiervations  show  that  during  the  night  a 
sudden  and  most  important  change  had  taken  place.  A  large  storm  area  had 
swept  across  the  north  of  Scotland,  and  the  centre  was  now  over  the  North 
Sea,  not  far  to  the  eastward  of  the  Moray  Firth.  The  barometric  fall  was 
exceedingly  large,  amounting  to  more  than  an  inch  at  all  the  northern  and 
north-western  stations,  and  at  Aberdeen  the  fall  in  the  24  hours,  since  8  a.m. 
on  the  21st,  was  1*60  in.  A  very  violent  gale  was  blowing  in  all  parts  of  the 
British  Islands^  the  observer  at  Malin  Head  reporting  force  12  of 
Beaufort's  scale.  The  wind  at  this  time  had  shifted  to  the  North-westward 
in  nearly  all  parts  of  the  Kingdom.  Under  the  influence  of  this  large 
disturbance  a  gale  was  blowing  in  the  Gulf  of  Bothnia  and  along  the  whole 
distance  to  the  west  coast  of  France,  a  distance  of  about  1,400  miles. 

The  2  p.m.  reports  show  that  the  disturbance  was  passing  away  quickly 
to  the  eastward,  and  a  very  decided  rise  of  the  barometer  was  in  progress. 
The  lowest  reading  now  was  28*88  ins.  atSumburgh  Head,  while  at  Valencia 
the  reading  was  80*04  ins.  The  North-westerly  gale  was  still  blowing  at 
many  places  on  our  coasts,  but  the  wind  was  generally  subsiding,  although 
at  Aberdeen  force  11  was  reported. 

At  6  p.m.  the  wind  was  still  further  subsiding,  although  the  gale  was  per- 
sistently blowing  on  the  Irish  and  on  our  east  coasts.  The  central  area  of  the 
disturbance  was  now  close  to  Christiansand  on  the  coast  of  Norway,  where  the 
barometer  was  reading  28*55  ins.,  the  core,  or  heart,  of  the  storm  having 
perceptibly  shallowed  or  filled  up. 

At  8  a.m.  on  the  2drd,  the  wind  had  subsided  over  the  whole  of  the 
British  Islands,  and  the  equilibrium  seemed  for  the  time  to  be  thoroughly 
restored.  There  was  no  station  in  the  United  Kingdom  reporting  a  stronger 
wind  than  a  fresh  breeze.    The  barometrical  rise  was  equally  as  rapid  as  the 
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fall,  the  recovery  since  8  a.m.  of  the  22nd  being  1-65  in.  at  Aberdeen,  and 
exceeding  an  inch  at  most  of  the  northern  and  north -western  stations. 

I  have  made  a  collection  of  the  anemograph  records  for  different  parts 
of  the  Kingdom,  and  give  in  Table  I.  the  hourly  velocities  for  16  stations  in 
the  United  Kingdom.  The  hourly  velocities  are  given  at  each  station  for 
the  whole  time  that  the  velocity  was  45  miles  or  above  at  any  station  in  any 
part  of  the  Kingdom.  In  one  part  or  another  45  miles  an  hour — a  fresh 
gale,  force  8  of  Beaufort's  scale — ^was  maintained  for  28  consecutive  hours. 

TABLE  I. — WnvD  Vklocitt  in  Miles  pbr  Houb,  Dbcembbr  21, 22,  1894. 
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The  factor  8  has  been  retained  throughout  this  paper  for  the  reduction  of 
the  anemometrical  records,  as  no  systematic  change  has  yet  been  adopted 
either  in  this  country  or  abroad,  and  the  use  of  the  factor  8  admits  of  ready 
comparison  with  aU  previous  records.  The  numerous  experiments,  however, 
conducted  in  recent  years  by  Mr.  Dines  and  others,  tend  to  show  that  the 
wind  velocities  obtained  by  the  use  of  the  factor  8  should  probably  be  reduced 
by  one-fourth  to  obtain  the  true  velocity.  The  anemometers  used  are  not 
all  of  the  pattern  known  as  the  large  Robinson ;  those  at  Dublin,  Berkham- 
sted,  and  Scilly  are  of  a  smaller  size. 

The  highest  hourly  velocity  in  Table  I.  is  107  miles,  recorded  at  Fleetwood 
at  9  a.m.  on  the  22nd,  and  at  that  station  the  velocity  exceeded  100  miles  for 
the  4  consecutive  hours  from  8  to  11  a,m,    This  is  the  greatest  force  of  wind 


Digitized  by 


Google 


HAHDJDfG aAIiE  OF  DBOBMBBB  21sT-29nD,  1894,  OYBB  THB  BBITIBfl  ICOJBS.       95 

ever  registered  in  the  British  Isles,  and  is  10  miles  an  hour  in  excess  of  the 
highest  wind  velocity  in  the  great  storm  of  November  16th- 20th,  1893.  The 
highest  velocity  previously  recorded  at  Fleetwood  was  91  miles  an  hour,  in 
the  gale  of  May  20th,  1887. 

In  my  discussion  of  the  Storm  of  November  16th-20th,  1898,  a  Table 
was  given  showing  the  dates  of  gales  from  1869  to  1898,  with  a  wind 
velocity  of  80  miles  an  hour  and  upwards.  That  table  shows  that  there  have 
been  21  gales  in  the  United  Kingdom  since  1869  in  which  the  hourly 
velocity  of  the  wind  has  attained  80  miles,  and  only  8  gales  during  the  last 
quarter  of  a  century  in  which  the  wind  has  attained  a  velocity  of  90  miles 
an  hour. 

TABLE  II.— Force  op  Wind  indicated  by  Velocity  Anehoubters. 
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Table  XL  gives  a  few  of  the  principal  details  from  Table  I.  grouped  together 
for  purpose  of  comparison.  The  highest  velocities  on  shore  are  seen  to  have 
occurred  at  Fleetwood,  Liverpool,  and  Orkney.  These  were  the  only  places 
where  the  maximum  hourly  velocity  exceeded  80  miles.  At  Alnwick  the 
maximum  was  79  miles,  and  at  Holyhead  71  miles.  The  storm  was  least 
violent  at  Eew  and  Berkhamsted,  where  the  hourly  velocity  did  not  exceed  40 
miles.  The  gale  was  of  longest  duration  at  Fleetwood  and  Holyhead,  the 
hourly  velocity  being  45  miles,  and  above,  at  each  place  for  20  hours,  and  at 
Liverpool  that  velocity  was  maintained  for  18  hours.  At  Fleetwood  the 
hourly  velocity  was  85  miles,  or  above,  for  1 1  hours,  and  the  average  wind 
velocity  for  28  hours  was  77  miles. 

Mr.  B.  H.  Curtis  has  supplied  the  following  note  on  the  record  of  the 
Bridled  anemometer  at  Holyhead  ;— ^ 
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'*  The  wind  began  to  reach  the  force  of  a  gale  at  9  p.m.  on  the  2l8t,  and  by 
midnight  the  squalls  had  become  very  severe.  Tt  was  essentially  a  squally  gale, 
the  velocity  of  the  wind  ranging  over  as  much  as  60  to  70  miles.  The  heaviest 
squall  occurred  from  10  a.m.  to  noon  on  the  22nd,  and  the  maximum  velocity 
recorded  by  the  Bridled  anemometer  exceeded  (more  than  once)  110  miles  per 
hour  (equal  to  150  miles  an  hour  on  the  basis  of  the  old  factor  3,  C.  H.), 


3  a  ft 


Becords  at  the  Boyal  Observatory,  Greenwich,  December  22nd,  1894. 

equivalent  to  a  pressure  of  upwards  of  86  lbs.  per  square  foot.  As  «arly  as  2  a.m 
on  the  22nd  they  reached  a  rate  of  100  miles  per  hour  (135  miles  using  factor  3, 
C.  H.),  but  then  fell  off  somewhat  till  between  4  and  5  a.m.j  when  the  force 
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increased  again.  After  noon  on  the  22nd  the  wind  fell  away  considerably,  and 
after  2  p.m.  no  squall  was  experienced  which  much  exceeded  80  miles  per  hour 
(108  miles  using  factor  3,  C.H.),  ejid  during  the  evening  the  force  became 
moderate." 

Heavy  squalls  were  a  characteristic  feature  of  the  storm,  and  probably 
much  of  the  damage  and  destruction  to  buildings  on  shore  and  to  vessels  at 
sea  was  due  largely  to  this  fact.  A  squall  of  exceptional  violence  passed  over 
the  Metropolis  shortly  after  6  a.m.  on  the  22nd.  The  Astronomer  Boyal  has 
sent  me  tracings  of  the  self- registering  instruments  at  Greenwich,  reproduced 
on  p.  96,  which  show  that  this  squall  passed  over  the  Boyal  Observatory  at 
6.10  a.m.  A  sudden  rise  occurred  in  the  barometer  of  006  in.,  accompany- 
ing a  violent  gust  of  wind  of  28  lbs.  on  the  square  foot,  and  a  £ftll  of  tem- 
perature exceeding  5°  in  amount. 

The  Eew  records  show  the  same  squall,  the  instrumental  readings  giving 
the  change  at  6.5  a.m.     The  barometer  rose  0*06  in.,  and  the  dry  bulb 

TABLE  III.~Bbcobi>8  of  Pbevious  Gales.    Maziuvm  Wind  Velocitt  nr  Miles 

BECOBDED  IM  ANY  SINGLE  HOUB. 


1894. 

1893. 

1886. 

1886. 

1884. 

1881. 

1881. 

Stotion. 

Dec. 

Nov. 

Dec. 

Oct. 

Jan. 

Oct. 

Jan. 

21-22. 

16-20. 

S^. 

15-16. 

26-27. 

13-14- 

18. 

Valencia 

61 

fy) 

72 

58 

68 

58 

46 

Dublin      

46 

35 

... 

Armagh     

48 

31 

... 

21 

69 

24 

... 

Orkney      

83 

.    96 

... 

... 

55 

... 

Aberdeen 

60 

46 

59 

45 

59 

74 

... 

Glasgow 

... 

44 

34 

34 

50 

33 

... 

Ahiwick     

79 

44 

44 

36 

76 

... 

North  Shields      

61 

6q 

51 

56 

... 

... 

... 

Fleetwood 

107 

87 

80 

42 

... 

... 

... 

Liverpool 

Sq 

49 

... 

38 

... 

... 

... 

Holyhead 

71 

89 

72 

62 

70 

... 

... 

Yarmouth 

53 

64 

54 

.     26 

47 

... 

63 

Berkhamsted       

40 

38 

... 

... 

Greenwich 

50 

35 

.    40 

58 

63 

... 

Kew           

40 

38 

42 

32 

53 

45 

58 

Falmouth 

46 

55 

61 

,59 

63 

57 

54 

Scilly         

66 

71 

\78 

56 

TABLE  IV.— Showing  xms  Fall  and  Bise  of  the  Bafohetbb  dubing  the  Gale. 


FaU 

Bise 

Station. 

from  8  a.m.  21st 

from  8  a.m.  22nd 

to  8  a.m.  22nd. 

to  8  a.m.  23rd. 

in. 

in. 

Valencia           

0*30 

025 

MalinHead      

0*84 

086 

Donaghadee     

I'OI 

i-og 

SomburghHead          

126 

1-26 

Stornoway        

I'OI 

I*02 

Aberdeen          

reo 

i'6s 

Shields 

1-49 

1*57 

Liverpool        ; 

I'OI 

I^IO 

Yarmouth        

0*92 

0*89 

Scilly     

0-46 

053 

Hurst  Castle 

1            0-66 

074 
0-85 

London  

1             077 
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temperature  fell  6^*8.  At  Falmouth  a  precisely  similar  squall  had  occurred  at 
4.5  a.m.  on  the  22nd.  The  barometer  rose  about  0*05  in.,  the  dry  bulb 
temperature  fell  6^,  and  the  wind  changed  from  South-west  to  West. 

If  this  was  one  and  the  same  squall,  its  rate  of  travel  was  about  120  miles 
an  hour.  The  times  of  occurrence  at  Eew  and  Greenwich  favour  the  possi- 
bility of  this  rapid  movement. 

Table  III.  (p.  97)  gives  the  greatest  force  of  the  wind  recorded  in  several 
recent  gales. 
'  The  occurrence  of  the  lowest  reading  of  the  barometer  gives  a  good  index 
of  the  direction  in  which  the  storm  travelled.     The  following  are  a  few  of 
the  best  marked  minima : — 


Valencia 

minimum 

at  11  p.m.  2l8t. 

Waterford    - 

>» 

Midnight   „ 

Kilkenny 

»» 

2  a.m.  22nd. 

Stomoway   - 

*f 

6 

Freeland,  Perthshire 

»> 

6 

Sumburgh  Head   - 

ft 

7.80 

Stobhill,  Morpeth  - 

n 

8 

Ladylaw,  Hawick 

>i 

8 

Aberdeen 

99 

9 

Yarmouth    - 

n 

Noon         „ 

The  following  notes  on  the  storm  have  been  collated  from  the  returns 
kept  by  special  observers,  who  from  their  method  of  regular  observation 
would  be  likely  to  give  a  true  estimate  of  the  severity  of  the  storm. 

Scotland. 

Bbaemar. — ^Violent  hurricane  from  9  a.m.  to  5  p.m.  22iid. 

Ballinluig. — Heavy  wind.    Trees  blown  down. 

Laudalb,  Argyllshire. — Terrific  gale  overnight,  at  height  from  6.16  a.m. 
till  8  a.m.,  when  wind  shifted  from  South-west  to  North.  Equal  not  experienced 
since  1882.    Timber  blown  down.    Barometer  began  to  rise  at  6.15  a.m. 

Edinburgh. — Barometer  fell  to  28-12  ins.  at  6  a.m.  22nd. 

Ardrossan. — Strong  South-west  gale  began  about  8  p.m.  21st  Veering  to 
North- west  about  4  a.m.  22nd.  The  maximum  wind  force  11  in  the  gusts 
during  early  part  of  morning.  It  abated  somewhat  just  before  2  p.m.  The 
gale  was  exceptionally  severe,  the  wind  seemed  to  come  down  from  above  in 
gusts,  striking  the  ground.  The  average  force  of  10  was  maintained  till 
2  p.m.  22nd. 

Cargen,  Kirkcudbright.— The  gale  on  the  21st  and  forenoon  of  the  22nd 
was  the  most  disastrous  we  have  had  since  the  gales  of  December  1883  and 
January  1884  ;  great  damage  has  been  done  throughout  the  district,  the  greatest 
damage  taking  place  between  10  and  11  a.m.  on  the  22nd,  the  squalls  during 
that  period  amounting  to  almost  hurricane  violence. 

Ladylaw,  Hawick. — Severe  gale,  heavy  rain,  centre  of  storm  passed  at  7.10 
a.m. 

Ireland. 

Carrablagh,  Lough  Swilly,  Donegal.— 6  p.m.  2l8t,  a  storm  devastated  this 
district :  it  laid  dqwn  trees,  unthatched  houses,  smashed  boats,  stripped  slates, 
and  blew  down  sto^e  walls  in  all  directions.  No  such  storm  has  been  known 
here  by  living  people. 

RocKFORT,  BcNCRANA,  DONEGAL. — Fearful  gale  on  the  night  of  21  st  and 
following  morning  from  South-west  veering  to  North-west,  did  immense  damage 
to  shipping  on  Lough  Swilly  and  to  house  property. 
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Londonderry. — The  rain  gauge  was  blown  away  out  of  the  garden  on 
Saturday  morning,  22nd,  by  the  great  storm  of  Friday  night  and  Saturday 
morning.  Nearly  all  the  houses  at  the  Waterside  and  the  churches  have  been 
injured  very  much,  and  some  partly  blown  down. 

Edenfel,  Omaqh. — No  storm  since  January  1839  has  wrought  such  wide- 
Bjpread  havoc  to  buildings,  and  especially  to  plantations,  as  that  of  the  night  of 
Friday,  21st,  and  had  its  period  of  greatest  violence  lasted  as  long  as  on  that 
occasion  the  damage  to  life  and  property  would  have  been  appalling. 

Omagh. — 21st.  At  8  p.m.  a  ffale  of  cyclonic  character  rose,  which  increased  in 
intensity  and  became  almost  a  hurricane  at  midnight,  and  reached  its  period  of 
greatest  violence  at  2.30  a.m.,22nd.,  doing  immense  damage.  Wind  South-south- 
east to  West-north-west. 

Springfield,  Belfast.— Most  severe  storm  on  the  21st  and  22nd.  At  8.15 
a.m.  of  the  latter  day  a  hurricane.  Much  damage  done  aJl  over  the  country. 
Will  be  remembered  hereafter  as  the  great  storm  of  1894. 

Armagh. — 22nd.  Great  hurricane  from  midnight,  maximum  velocity  of  wind 
48  miles  about  1  a.m. 

Waringstown,  Down. — An  awful  storm  on  the  morning  of  the  22nd,  un- 
equalled since  1839  ;  great  damage  to  roofs  and  buildings,  and  many  trees  blown 
down. 

DuBLiN.--22nd.  Violent  gale  from  South-south-west  to  West-north-west  last 
night  and  this  morning.  It  was  an  extraordinary  tempest,  from  the  suddenness 
of  its  approach  and  its  awful  violence.  Force  11  was  reached  at  frequent 
intervals  through  the  night,  and  some  gusts  merited  the  figure  12. 

England. 

^  Newcastlb-on-Tyne. — 22nd.  Gale  this  morning,  very  gusty,  average  veloc  ity 
since  about  11  p.m.  yesterday  equals  60  miles  per  hour. 

Carlisle. — This  was  a  severe  storm.  It  was  a  hurricane  for  6  or  8  hours,  say 
from  midnight  21st  to  8  a.m.  22nd,  then  a  little  easier. 

Durham.— 22nd.  A  whole  gale  blowing  at  times,  782  miles  in  24  hours. 
From  9  a.m.  to  3  p.m.  it  averaged  40  miles  per  hour. 

Bolton. — For  a  period  of  4  hours  the  anemometer  registered  a  lateral  move 
ment  of  60  miles  per  hour,  and  as  the  velocity  was  very  variable,  it  is  probable 
the  maximum  speed  would  be  80  miles  ;  this  would  represent  a  maximum 
pressure  equal  to  32  lbs.  per  superficial  foot. 

Uldale,  Cumberland. — The  storm  of  21st-22nd  has  done  a  lot  of  damage  in 
this  county,  almost  every  house  for  miles  round  has  suffered  more  or  less,  and 
the  consequence  is  that  there  are  so  many  demands  upon  the  slaters  and  masons 
that  it  will  be  impossible  for  weeks  to  come  to  make  good  the  damage  done. 

Ulpha,  Cumberland. — The  gale  on  the  22nd  was  most  disastrous,  such  a 
severe  storm,  causing  so  much  damage,  can  hardly  be  called  to  mind. 

Windermere,  Westmoreland. — ^The  heaviest  wind  storm  of  the  last  7 
years,  if  at  any  time. 

Aysgarth,  Yorkshire. — 2 1st,  between  7  and  8  p.m.,  wind  began  to  rise  from 
South-west  with  rain.  At  9  p.m.  it  was  raining  hard  and  wii^i  was  South-west, 
force  7,  barometer  falling  fast.  Wind  continued  to  increase,  with  heavy  rain. 
It  must  have  been  force  10  by  2  a.m.  at  the  least.  About  7  a.m.  the  storm  was 
very  severe  indeed,  one  could  not  put  it  at  less  than  12.  Most  of  the  damage 
was  done  at  about  this  time.  At  9  a.m.  22nd,  it  had  shifted  to  West  with  a 
force  of  11 ,  and  the  barometer  had  begun  to  rise.  Rain  in  night  1*5  in.  Various 
damage  reported,  and  a  locomotive  engine  was  said  to  have  been  capsized  at 
Hawes  Junction  by  the  wind. 

Douglas,  Isle  of  Man. — The  gale  of  21st-22nd  exceptionally  severe, 
causing  greater  damage  to  buildings  generally  than  any  noted  during  the  whole 
course  of  observations — upwards  of  20  years. 

Stonyhurst. — 22nd,  a  violent  gale  from  midnight,  wind  velocity  highest  on 
record,  maximum  9  a.m.  72  miles.  Considerable  damage  done  in  surrounding 
district. 

HuDDERSFiELD. — ^The  gale  of  the  22nd  was  very  severe,  but  here  I  think  that 
those  of  October  14th,  1881,  and  December  8th,  1886,  were  certainly  worse. 

Llandudno. — South-west  12  at  9  p.m.  21st. 

HoDSOCKi  Worksop. — ^The  gale  on  the  22nd  did  much  damage  to  timber, 
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buildings,  and  stacks.    For  8  hours,  from  9  a.m.  to  5  p.m.,  the  average  velocity 
of  the  wind  was  60-6  miles  per  hour. 

OxsHOTT,  Leatherhead. — The  highest  velocity  by  Mr.  Dines*s  recording 
anemometer  was  56  miles  per  hour,  this  occurred  in  a  brief  squall  at  5.45  a.m. 
The  gale  here  was  not  nearly  so  severe  in  any  respect  as  that  of  December  12th, 
1893.     Very  little  damage  was  done. 

The  Railway  disaster  to  the  Manchester  Express  at  Chelford  was  in  a 
great  measure  attributed  to  the  exceptional  violence  of  the  wind.  A  locomotive 
was  reported  as  capsized  by  the  wind  at  Hawes  Junction,  and  several  tramcars 
were  upset  in  the  Midlands.  In  Arran  it  is  calculated  that  40,000  trees 
were  blown  down  by  the  gale. 

A  feature  of  some  interest  was  the  very  great  distance  that  the  spray  was 
carried  inland,  but  this  has  been  especially  dealt  with  by  Mr.  Symons  in 
^ymons's  Monthly  Meteorological  Magazine. 

The  Secretary  of  the  Marine  Department  of  the  Board  of  Trade  courteously 
allowed  me  access  to  the  official  returns,  which  show  that  there  were  167 
lives  lost  on  our  coasts  within  the  limit  of  the  Wreck  Chart,  and  there  was 
also  great  loss  of  life  in  the  North  Sea,  not  included  in  the  above  numbers  ; 
the  total  lives  lost  are  those  reported  up  to  the  morning  of  January  16th. 

The  Secretary  of  Lloyds,  Col.  Hozier,  states  that  the  23rd  being  Sunday 
the  Loss  Book  was  not  posted  on  that  day.  On  Monday,  the  24th,  there 
were  110  casualties  posted  in  the  Loss  Book,  of  which  a  large  majority 
were  due  to  the  gale. 

The  National  Lifeboat  Listitution  state  that  the  number  of  lifeboat 
launches  during  the  gale  was  48,  the  number  of  lives  saved  103,  and  the 
number  of  vessels  saved  2. 

The  Pilot  Chart  of  the  North  Atlantic  Ocean  for  January  gives  the  track 
of  the  storm,  which  shows  that  it  traversed  the  Atlantic  at  an  enormous 
rapidity.  It  was  first  reported  on  the  margin  of  the  Tropics  on  December 
18th,  and  on  the  following  day  it  was  to  the  south  of  Bermuda.  (Plate  L, 
fig.  6.) 

In  conclusion,  I  have  to  thank  the  Meteorological  Council  for  having  so 
kindly  placed  the  whole  of  the  material  in  the  Meteorological  Office  at  my 
disposal  for  the  preparation  of  this  paper,  also  Mr.  Symons  for  handing  over 
to  me  all  the  material  relative  to  the  storm  which  has  come  into  his  bands, 
and  others  who  have  so  readily  supplied  me  with  data. 


Note  added  Maboh  20th,  1895. 

The  gale  of  December  21st-22nd  was  followed  by  a  very  brisk  rise  of  the 
barometer,  and  readings  were  for  several  days  abnormally  high.  At 
Valencia  the  mercury  stood  at  80*93  ins.  on  December  27th,  a  reading 
which  is  the  highest  recorded  there  with  a  single  exception.  This  was 
followed  by  another  very  severe  gale  on  December  28th  and  29th,  the  wind 
was,  however,  not  so  violent  as  on  December  21st  and  22nd,  and  the  area 
affected  was  more  limited.     The  maximum  wind  velocity  was  88  miles  an 
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hour  at  Fleetwood,  the  greatest  violence  being  registered  from  the  West- 
north-west  at  7  a.m.  29th,  and  45  miles  an  hoar  or  above  was  maintained 
during  the  afternoon  of  the  28th  and  the  whole  of  the  29th.  At  Alnwick  the 
wind  attained  a  velocity  of  69  miles  an  hour  from  South -west -by -south  at 
2  p.m.  28th.  At  Armagh  the  velocity  did  not  reach  80  miles  an  hour,  and 
at  Dublin  the  maximum  velocity  was  27  miles  an  hour. 


DISCUSSION. 

Mb.  Q.  J.  Symons  referred  to  a  letter  from  Mr.  H.  S.  Eaton  enclosing  a 
tracing  which  he  had  received  of  the  deflections  of  a  plummet  suspended  in  a 
room  at  the  summit  of  the  Blackpool  Tower  (nearly  500  feet)  during  the 
prevalence  of  the  gale  described  by  Mr.  Harding's  paper.  The  observations 
were  made  by  Mr.  Ashley  and  Mr.  Bell,  and  showed  that  the  tower  was  deflected 
by  the  strength  of  the  wind  to  the  extent  of  about  2{  inches.  Mr.  Symons 
further  stated  that  he  was  in  Liverpool  when  this  great  gale  was  blowing,  and 
could  speak  as  to  its  intensity  by  the  amount  of  damage  caused  by  the  wind  in 
that  city.  Some  ten  years  ago,  during  a  severe  gale  in  the  southern  part  of 
England,  the  foliage  of  trees  was  considerably  damaged,  and  the  cjuestion  arose 
as  to  whether  the  injury  was  caused  by  the  force  of  the  wind  twisting  the  stems 
to  which  the  leaves  were  attached  and  so  checking  the  flow  of  sap,  or  whether  it 
was  due  to  the  deposition  of  salt  brought  from  the  sea  by  the  wind.  He 
(Mr.  Symons)  was  disposed  to  consider  that  the  damage  was  due  to  incrustation 
of  salt  upon  the  leaves,  and  it  was  curious  to  learn  that,  during  the  gale  of  last 
December,  unmistakeable  evidence  was  available  showing  to  how  great  a  distance 
inland  the  violent  wind  had  carried  sea- salt.  A  gentleman,  a  chemist,  staying 
at  Grarstang,  Lancashire,  10  miles  distant  from  the  sea,  noticed  on  the  day 
following  the  gale  that  the  twigs  and  branches  of  trees,  plants,  grass,  <S:c.,  tasted 
very  strongly  of  salt.  A  fine  drizzle  subsequently  set  in,  and  some  of  the  drops 
on  the  branches  and  twigs  of  apple  trees  were  collected  in  a  tea-cup,  and  the 
fluid  so  obtained  was  found  to  contain  a  very  large  proportion  of  salt.  Half  of  the 
quantity  of  salt  found  was  forwarded  to  him  (Mr.  Symons),  and  he  sent  it  to 
Prof.  Mcldola  for  analvsis,  the  result  being  that  it  was  declared  to  be  almost 
identical  with  sea-salt,  tlie  specific  gravity  of  the  liquid  being  nearly  double  that 
of  sea-water.  At  Huddcrsfleld,  and  at  other  places  at  a  considerable  distance 
from  the  sea,  salt  had  been  found  upon  the  window  panes  facing  the  direction  from 
which  the  wind  blew,  and  even  at  a  town  so  distant  from  the  sea  as  Birmingham 
was,  depositions  of  salt  had  been  discovered. 

Admiral  J.  P.  Maclear  pointed  out  that  the  high  velocities  mentioned  in 
the  paper  exceeded  by  60  per  cent,  that  given  for  a  hurricane  or  typhoon  in  the 
Beaufort  scale  of  wind  force.  He  had  experienced  very  severe  typhoons  in  the 
China  seas,  and  from  what  he  had  read  concerning  the  gale  on  December  22nd, 
he  did  not  consider  that  the  force  on  that  occasion  was  anything  like  the  violence 
of  a  typhoon. 

Prop.  J.  K.  Laughton  remarked  that,  so  far  as  he  was  aware,  the  extreme 
velocity  of  the  wind  in  a  tropical  hurricane  had  never  been  measured  ;  that 
commonly  tabulated  was  merely  an  estimate,  which,  in  view  of  actual  measure- 
ments of  storms  of  less  intensity,  must  be  considered  much  too  small. 

Mr.  W.  H.  Dines  agreed  with  Mr.  Harding  in  thinking  it  better  to  quote 
wind  velocities  obtained  by  using  the  factor  3,  rather  than  to  make  the  present 
uncertainty  still  worse  by  giving  the  correct  values,  but  it  would  be  a  great 
advantage' if  he  (Mr.  Harding)  would  state  in  his  paper  which  stations  had 
anemometers  differing  from  the  Kew  pattern.  Recently  he,  Mr.  Dines,  had 
discovered  that  small  cups  and  arms  were  in  use  at  the  Scilly  Isles,  and  this  had 
explained  what  had  long  been  a  puzzle  to  him,  namely  the  comparatively  low 
velocities  recorded  there.  The  record  at  Fleetwood,  which,  when  corrected,  gave 
a  velocity  of  nearly  80  miles  an  hour,  was  most  remarkable,  and  it  seemed  a 
wonder  that  any  buildings  were  left.  At  Mauritius,  Dr.  Meldrum  had  noted  a 
velocity  of  105  miles  per  hour,  lasting  for  five  minutes,  and  in  this  instance  half 
the  town  was  destroyed,  whereas  107  miles  per  hour  lasting  for  an  hour,  and 
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100  miles  maintained  for  four  hours,  had  done  comparatively  litde  damage. 
How  could  the  discrepancy  be  accounted  for  ?  There  was  one  other  pomt  he  should 
like  to  mention.  The  bridled  anemometer  and  his  tube  anemometer  had  been 
calibrated  on  a  whirling  machine,  and  the  velocities  recorded  by  theni  were 
absolutely  independent  of  the  factor  of  the  Robinson  instrument.  He  wished  to 
state  this  fact  most  emphatically,  since  the  mixing  up  of  the  two  instruments 
led  to  much  misconception,  so  much  so,  that  one  gentleman  in  America  had 
written  to  ask  him  what  factor  he  had  used  when  calibrating  the  tube 
anemometer. 


THUNDERSTORM  AND  SQUALL  OF  JANUARY  23pd,  1895. 

By  WILLIAM  MARRIOTT,  F.R.Met.Soc. 


[Read  Februaiy  20th,  1895.] 

Shobtlt  before  10  a.m.  on  January  28rd,  Londoners  were  startled  by  a 
sharp  thunderstorm  and  heavy  squall,  which  passed  rapidly  across  the 
Metropolis. 

This  squall  was  associated  with  a  small  depression,  or  secondary  distur- 
bance, which  passed  across  the  country  in  a  south-south-easterly  direction. 
The  first  reported  notice  of  thunder  is  from  Leeds,  where  it  was  heard  about 
6  a.m.  From  this  time  there  appears- to  have  been  a  succession  of  thunder- 
storms all  along  the  route,  the  last  reported  notice  of  thunder  being  from 
Crowborough  Beacon,  in  Sussex,  at  10*25  a.m. 

The  first  sign  of  anything  unusual  occurring  was  the  intense  darkness  and 
thick  fog,  which  came  on  suddenly,  and  these  were  followed  immediately  by 
lightning  and  thunder,  and  a  heavy  shower  of  hail ;  the  wind  also  rising  almost 
instantaneously  to  a  gale.  Damage  by  lightning  occurred  at  Kettering  and 
Oundle,  and  also  at  several  places  in  and  around  London.  Mr.  Phillpott, 
one  of  my  assistants,  states  that  when  passing  down  Waterloo  Place  at  9*60 
a.m.  the  lightning  seemed  to  run  along  the  side  of  the  Duke  of  York's  statue, 
and  that  he  heard  a  policeman  say  to  a  comrade  that  he  heard  a  cracking 
sound  proceed  from  the  column. 

The  barograph  traces  show  a  rise  or  jump  of  '05  inch,  and  the  anemo- 
graph curves  indicate  a  simultaneous  change  in  the  direction  of  the  wind 
from  West  to  North. 

At  the  Meteorological  Office  in  Victoria  Street,  Westminster,  the  Dines' 
pressure  tube  anemograph  sheet  shows  that  the  force  of  the  wind  rose 
almost  at  a  bound  from  nearly  a  calm  to  a  velocity  of  86  miles  an  hour  ;  and 
Mr.  Dines* s  own  anemograph  at  Oxshott  recorded  a  similar  gust  of  a  velocity 
of  89  miles  an  hour. 

The  thermograph  records  show  that  there  was  also  a  sudden  fall  of  5° 
in  temperature. 
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The  squall  lasted  about  a  quarter  of  an  hour,  and  soon  after  the  sun  shone 
brightly,  although  the  wind  continued  high  for  the  greater  part  of  the  day. 

The  rate  of  travel  of  the  disturbance  was  about  47  miles  an  hour. 

The  Astronomer  Eoyal  has  kindly  furnished  me  with  a  copy  of  the  simul- 
taneous changes  of  the  barometer,  dry  and  wet  bulb  thermometers,  and 
the  direction  and  pressure  of  the  wind,  attheBoyal  Observatory,  Greenwich. 


6AM 


Fig.  1.— BeoordB  at  the  Boyal  Observatory,  Greenwich,  January  23rd,  1895. 


These  are  reproduced  in  Fig.  1.  The  barometer  is  159  feet  above  sea- 
level.  It  happened  that  the  electrometer  was  switched  to  earth  for  its  zero 
determination  at  the  time  of  the  squall,  so  that  the  indications  of  that 
instrument  are  not  available  for  that  time. 
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Mr.  J.  Bartlett  has  supplied  the  following  account  of  destruction  of  trees 
at  Bramley,  near  Guildford : — 

**  A  snow  blizzard  of  great  intensity,  but  of  short  duration — little  more 
than  ten  minutes — occurred  here  about  10.80  a.m.  on  January  28rd,  the 
snow  falling  copiously  while  it  lasted,  and  the  force  of  the  wind  being,  as  I 
judge,  rather  over,  than  under,  9  of  the  Beaufort  scale. 

"  Before  noon  on  that  day  the  Hon.  H.  Gubitt,  M.P.,  of  Birtley  House, 
Bramley,  knowing  my  interest  in  such  matters,  called  and  invited  me  to 
go  and  see  the  devastation  of  trees  on  his  property,  about  half  a  mile  distant 
from  my  house.  He  pointed  out  more  than  a  dozen  trees,  some  of  large 
size,  laid  prostrate  within  a  length  of  about  860  yards.  Subsequently  I 
heard  of  other  like  damage  on  his  property  near  at  hand,  and  also  in 
Wonersh  Park,  belonging  to  Mrs.  Sudbury.  The  total  number  of  trees 
blown  down,  or,  in  two  cases,  seriously  truncated,  amounts  to  28,  some  of 
great  size,  and  within  a  length  of  1860  yards.  Mr.  Oubitt  was  out  with 
his  gun,  attended  by  his  gamekeeper,  in  the  open  a  few  yards  from  the 
spot  where  five  spruces  were  prostrated,  the  keeper  being  under  cover 
near  those  trees.  The  former  states  that  he  had  to  run  hard  to  the 
plantation  in  order  to  avoid  being  blown  off  his  legs  by  the  wind ;  and 
a  man  at  work  on  a  new  building  near  at  hand  told  me  that  he  had  to 
lie  down  to  escape  being  blown  from  the  scaffolding.  On  the  other  hand, 
an  intelligent  labourer  told  me  that  he  was  working  with  others  at  the 
time  on  Hurst  Hill,  in  the  open,  some  500  yards  to  the  westward,  and 
that,  although  they  heard  the  loud  roar  of  the  blast  below,  they  felt 
comparatively  little  of  it. 

*'  Hearing  the  next  day  of  considerable  damage  at  Wonersh,  I  went 
thither,  and  was  courteously  shown  by  young  Mr.  Sudbury  over  the 
scene  of  destruction  on  that  property.  The  four  trees  near  Wonersh 
church,  close  to  the  Park,  are  at  the  very  south-east  foot  of  the  considerable 
elevation  of  Chinthurst  Hill.  It  would  appear  to  me  that  the  blast  may 
have  swept  round  each  side  of  this  hill,  and  joined  forces  again  in  the  Park. 
A  number  of  trees  standing  isolated  on  the  summit  of  Chinthurst  were  un- 
injured. 

"  After  careful-  inquiry,  I  can  hear  of  no  damage,  other  than  what  I 
have  named,  elsewhere  in  this  vicinity,  and  Admiral  Maclear  informs  me  that 
nothing  abnormal  occurred  at  Cranleigh,  6  miles  to  the  southward,  beyond 
a  very  sharp  outburst  of  wind,  hail,  and  sleet.  Thus  the  whole  devastation 
was  limited  to  a  line  of  a  little  more  than  a  mile  in  length." 

Mr.  Gaster  has  been  kind  enough  to  redraw  for  me  the  Weather 
Chart  for  8  a.m.  on  the  28rd  (Fig.  2).  This  shows  that  a  depression 
passed  over  the  Shetland  Isles  during  the  night  of  the  22nd,  and  that  it 
had  reached  Denmark  by  8  a.m.  on  the  28rd.  The  isobars  at  the  latter 
time  ran  nearly  north  and  south  over  the  British  Isles,  and  were  somewhat 
close  together,  indicating  the  prevalence  of  strong  Northerly  or  North- 
westerly winds.  An  irregularity  in  the  direction  of  the  wind  and  in  one 
of  the  isobars  is  shown  over  the  Midlands,  and  this  agrees  precisely  with 
the  position  of  the  thunderstorm  at  that  hour, 
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This  particular  storm  may  be  classed  under  the  head  of  **  line  "  thunder- 
storms, as  defined  in  my  "  Report  on  the  Thunderstorms  of  1888  and 
1889,"  and  is  similar  to  the  storms  of  May  18th-19th,  1888,  and  June  2nd, 
1889,  which  I  have  already  had  the  honour  of  bringing  to  the  notice  of 
the  Society.  In  these  latter  cases  a  series  of  thunderstorms  were  tracked 
across  England  in  a  direct  line  from  south  to  north  for  over  400  miles,  the 
rate  of  progression  being  50  miles  an  hour. 


Fio.  2.— Weather  Chart  8  a.m.  January  23rd,  1895.    The  track  of  the  ThunderBtorm 
is  also  shown  by  the  thick  broken  arrow. 

The  storm  of  January  28rd,  1896,  however  travelled  in  a  south -south -east 
direction,  the  rate  of  progression  being  47  miles  an  hour.  In  all  these  cases 
the  thunderstorm  disturbances  were  to  the  right  of  the  main  depression. 

Mrs.  H.  S.  Vinter  has  sent  me  the  following  extracts  from  the  Oentleman'a 
Magazine  for  1767  of  a  thunderstorm  which  was  followed  (as  was  that  of 
1895)  by  a  severe  frost : — 

Edinburgh,  Jan.  8. 
Last  night  we  had  a  most  remarkable  storm  of  lightning  •  attended  with 
thunder,  which  continued  from  9  in  the  evening  till  morning. 

Whitby,  Jan.  4. 
On  Thursday  night,  we.  had  here  a  most  violent  storm  of  wind  and  hail, 
coming  from  the  NE,  and  blowing  right  into  our  harbour,  causing  the  tide    to 
rise  near  three  feet  perpendicularly  higher  than  the  oldest  man  living  can 
remember. 
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Newcastle,  Jan.  10. 
Last  Friday  and  Saturday  we  had  a  great  fall  of  snow,  with  lightning  and 
thunder. 

Thursday,  8. 
The  snow  was  so  deep  throughout  the  whole  Kingdom  that  the  like  has  not 
been  remembered  by  the  oldest  man  living.     .     .     .     The  post-boys  have  been 
bewildered,  and  some  frozen  to  death. 

Tuesday,  18. 
The  principal  part  of  the  flour  destined  for  the  supply  of  the  London  Market 
was  on  board  barges  and  other  vessels,  which  could  not  come  down  on  account 
of  the  conmiunication  by  water  being  stopt  by  the  frost. 

Friday,  16. 
The  post-boy  who  carried  the  mail  from  Bradford  to  Bochdale  was  with  his 
horse  frozen  to  death. 

Mr.  G.  Harding  has  also  called  my  attention  to  an  account  of  a 
thunderstorm  which  occurred  at  the  Boyal  Observatory,  Greenwich,  on 
January  8rd,  1841. 

In  the  Greenwich  Observations  for  that  year  there  is  the  following  note  : — 
*<From  accounts  received  from  various  places,  it  appears  that  this 
was  a  travelling  storm,  passing  from  north  to  south,  at  the  rate  of  60  miles 
an  hour,  and  it  was  nearly  100  miles  in  breadth  ;  its  time  of  continuance 
at  each  place  was  nearly  the  same,  and  in  every  place  it  was  preceded  by  a 
gale  of  wind,  and  accompanied  with  a  heavy  fall  of  rain,  hail,  and  snow." 


Note,  Maboh  6th. 
At  the  Meeting  of  the  French  Meteorological  Society  on  February  6th, 
M.  Benou  stated  that  at  Parc-de-Saint-Maur,  Paris,  on  January  28rd,  two 
claps  of  thunder  were  heard  to  the  north-west  a  little  before  8  p.m.  At 
YendOme  thunder  was  heard  several  times  the  same  day ;  and  at  Ch&teaudun 
a  church  was  struck  by  lightning. 


DISCUSSION. 

Dr.  voM  BiCHE  Prelleb  observed  that,  having  lately  had  to  investigate,  as 
Electrical  Engineer,  the  effects  of  atmospheric  electricity  or  lightning  discharges 
in  relation  to  electrical  installations  in  various  countries,  he  had  also  been  led 
to  inquire  into  the  frequency  of  thunderstorms  accompanied  by  lightning 
discharges  both  in  the  British  Isles  and  in  various  parts  of  the  Continent. 
Through  the  courtesy  of  Mr.  Scott  and  Mr.  Marriott,  he  had  been  able  to 
examine  the  statistics  of  the  last  fifteen  years ;  but  he  foundi  that  these  statistics, 
valuable  and  excellent  as  they  were  per  set  either  referred  onlv  to  particular 
storms,  years,  or  isolated  periods,  or  that  they  were  annually  compiled  on  principles 
which  varied  in  every  country,  so  that  any  attempt  at  comparing  the  frequency 
of  such  phenomena  in  any  two  countries  gave  a  more  or  less  negative  result. 
The  Boyal  Meteorological  Society  or  the  Meteorological  Office  would  therefore 
render  a  signal  service  not  only  to  meteorological,  but  to  physical  and  electrical, 
science  if,  at  the  next  International  Congress,  they  would  promote  the  adoption 
of  a  uniform  international  system  of  taking  observations  and  compiling  annual 
statistics  of  such  phenomena.  And  in  this  connection,  he  mi^ht  say  that  he 
thought  the  system  adopted  by  Mr.  Marriott  in  his  valuable  statistics  of  thunder- 
storms in  England  1888  and  1889,  (which  is  also  the  Swiss  system,)  viz.  of 
recording  the  number  of  days  on  which  such  phenomena  occurred,  was  at  once 
more  simple  and  more  rational  than,  e,g.  Signer  Ciro  Ferrari's  plan  of  oomput- 
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ing  the  percentage  of  thunderstorms  in  each  district  or  province  of  any  given 
conntry. 

The  other  point  to  which  Dr.  Preller  wished  to  refer  related  to  thunderstorms 
and  lightning  discharges  more  especially  in  England.  From  the  statistics  and 
a  great  many  isolated  notices  he  had  examined,  he  arrived  at  the  conclusion 
that  in  England  there  were,  broadly  speaking,  two  lines  or  areas  of  greatest 
frequency  of  lightning  discharges  such  as  accompanied  the  thunderstorms  of 
1888,  1889,  and  1892,  to  wit,  one  from  London  in  the  direction  of  Bristol,  viz. 
east  to  west  or  vice  verm,  and  the  other  from  south  to  north  or  ©ice  versa, 
through  the  western  rather  than  the  eastern  parts  of  the  country,  and  extending, 
probably,  also  along  the  western  counties  and  coast  of  Scotland.  These  two  lines, 
and  notably  the  one  east  to  west,  coincided  remarkably  with  the  lines  or  areas  of 
magnetic  attraction  on  the  north  pole  of  the  compass  needle  as  determined  by  the 
surveys  of  Prof.  Eucker  and  Prof.  Thorpe,  and  explained  by  the  former  in  a  lecture 
recently  delivered  before  the  Boyal  Geographical  Society.  The  coincidence  of 
these  lines,  which,  moreover,  agreed  with  the  general  trends  of  the  coal 
measures,  was  sufficiently  striking,  and  Dr.  Preller  thought  he  might  claim  to 
have  been  the  first  to  point  it  out  on  this  occasion.  He  wished  it  to  be 
understood  that  this  coincidence  applied,  not  necessarily  to  the  path  of  all 
thunderstorms,  which  was  determined  by  various  other  causes,  but  to  the  pre- 
valence of  lightning  discharges  along  the  two  lines  he  had  indicated. 

Mr.  J.  Babtlett  said  that  when  investigating  the  damage  done  to  the  trees 
at  Bramley,  he  was  much  struck  by  the  isolation  of  the  area,  no  other  damage 
appearing  to  have  been  done  in  the  neighbourhood.  As  a  result  of  a  letter 
inserted  in  the  local  paper  asking  for  information  concerning  any  damage  at 
other  places,  he  had  received  but  one  reply,  from  a  gentleman  at  Sutton 
Green,  Worplesdon,  8  miles  north-west  of  Bramley,  from  which  it  appeared 
that  a  cart  shed  and  barn  were  partially  destroyed  and  some  trees  blown  down 
at  that  spot. 

Dr.  A.  BuGHAN  said  that  he  was  in  Clarendon  Street,  Pimlico,  when  the 
storm  and  squaU  discussed  by  Mr.  Marriott  occurred,  and  he  believed  that  the 
interval  between  the  thunder  and  lightning  was  less  than  one  second.  The 
darkness  was  intense,  although  the  lower  air  stratum  was  clear,  as  windows 
opposite  were  distictly  seen,  but  the  roof  of  a  three-story  house  was  barely  dis- 
cernible. He  had  noticed  in  Edinburgh  when  a  change  of  wind  was  coming  on 
that  darkness  gathered  in  a  certain  part  of  the  sky,  which  assumed  a 
tawny  hue,  while  the  opposite  portion  of  sky  was  clear  and  of  an  opalescent 
appearance.  The  thunderstorm  and  squall  of  January  2drd  belonged,  he 
believed,  to  the  type  of  atmospheric  disturbance  which  the  Americans  designate 
by  the  term  "  tornado."  The  whole  phenomenon  appeared  to  be  due  to  the 
meeting  of  two  air  currents  of  different  temperature  and  humidity. 

Mr.  F.  G.  Batakd  inquired  if  it  was  correct  to  assume  that  a  thunderstorm 
was  to  be  always  expected  on  the  right-hand  side  of  the  track  of  an  area  of  low 
pressure. 

Dr.  A.  Buchan  remarked  that  the  satellite  cyclone  in  which  the  thunder- 
storm is  bound  up  is  always  on  the  right-hand  side,  and  most  generally  to  the 
south-south-eastwards  of  the  main  cyclone. 

Mr.  G.  J.  Syuons  said,  that  he  believed  that  Northamptonshire  was  a 
county  where  lightning  discharges  were  frequent:  Oundle  church  had  been 
repeatedly  struck.  The  counties  of  Devon  and  Cornwall  were  generally  exempt 
from  damage  by  lightning,  and  he  was  inclined  to  think  that  the  nature  of  the 
soil  played  some  part  in  locating  the  areas  of  injury.  The  short  time  interval 
between  the  lightning  and  thunder  in  the  storm  of  January  2drd  was  very 
remarkable,  and  appeared  to  be  a  particular  feature  of  winter  thunderstorms. 
At  Camden  Square  the  observations  showed  that  the  lightning  discharges  took 
place  within  half  a  mile,  and  the  storm  must  therefore  have  been  quite  low  in 
the  atmosphere.  He  believed  that  winter  thunderstorms  were  proportionately 
more  destructive  than  those  which  occur  in  summer. 

Mr.  H.  S.  Wallis  said  that  he  had  been  struck  by  the  fact  that  nearly 
everyone  who  described  the  storm  spoke  of  the  nearness  of  the  lightning.  At 
Camden  Square  only  five  flashes  were  seen  and  five  pecds  of  thunder  heard, 
and  the  time  intervsd  showed  them  all  to  be  within  a  distance  of  about  a  mile  ; 
he  understood  Dr.  Buchan  to  say  that  he,  at  Westminster,  saw  only  three 
flashes,  aU  of  which  he  estimated  to  be  within  a  mile  of  him.    It  was  therefore 
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evident  that  the  flashes  seen  at  Camden  Square  were  invisible  to  Dr.  Buchan, 
and  the  flashes  seen  at  Westminster  invisible  and  inaudible  at  Camden 
Square.  It  would  appear  that  in  this  storm  lightning  could  not  be  seen  or 
thunder  heard  at  a  distance  much  exceeding  a  mile ;  and  he  thought  that  the 
two  strata  of  air  of  very  different  temperature  and  humidity,  mentioned  by 
Dr.  Buchan  as  causing  the  darkness,  would  account  for  this. 

Mr.  H.  8.  Eaton  remarked  that  he  was  in  Kensington  when  the  storm 
occurred,  and  noticed  that  its  arrival  was  preceded  by  the  appearance  of 
cumulo-stratus  clouds  such  as  are  associated  with  summer  thunderstorms. 

Mr.  W.  Marriott,  in  reply,  said  that  thunderstorms  travelled  with  the  wind 
along  the  isobaric  lines.  In  the  case  of  the  storm  of  January  2drd  the  area 
of  low  pressure  was  in  the  east,  and  the  thunderstorm  travelled  down  the 
western  side  of  it,  following  the  direction  of  the  isobars.  He  was  not  aware 
of  any  relation  between  the  distribution  of  thunderstorms  and  the  lines  of 
terrestrial  magnetism.  Thunderstorm  disturbances  were  regulated  by  the 
distribution  of  atmospheric  pressure,  and  were  most  frequent  over  low-lying 
districts,  often  foUowmg  the  course  of  river  valleys.  The  short  time  interval 
between  the  thunder  and  lightning,  which  was  so  noticeable  a  .feature  of 
the  storm  of  January  2drd,  was  due  to  its  low  altitude  in  the  atmosphere. 
Air  temperature  was  also  low,  so  the  storm  would  not  require  to  be  very  high 
in  the  atmosphere  to  give  the  decrement  of  temperature  necessary  for  the 
formation  of  the  hail  which  fell;  summer  thunderstorms  were  usually  of 
greater  altitude.  He  believed  with  Dr.  Buchan  that  this  thunderstorm  was  of 
the  tornado  type,  and  the  sudden  outburst  of  wind  accompanying  it  appeared 
to  support  that  view. 


ON  SOME  GRADUAL  WEATHER  CHANGES  IN  CERTAIN  MONTHS  AT 
GREENWICH  AND  GENEVA. 

By  ALEX.    B.    MacDOWALL,   M.A.,   F.R.Met.Boc. 
(Plate  2.) 

[Received  December  6th,  1894.— Read  February  20tb,  1895.] 

The  variations,  from  year  to  year  in  a  long  series,  of  a  given  meteoro- 
logical element,  say,  temperature,  of  the  year  or  a  part  of  it,  are  seldom 
long  in  the  same  direction  (increase  or  decrease),  and  the  curve  representing 
such  changes  exhibits  many  zigzags.  We  may  perceive,  here  and  there, 
a  distinct  preponderance  of  higher  values,  and  at  other  points  of  lower  ; 
and  may  accordingly  picture  to  ourselves  a  series  of  longer  waves,  like  an 
ocean  swell  which  may  be  more  or  less  obscured  by  the  minor  waves  and 
ripples.  Such  longer  waves  may  be  rendered  more  evident  by  methods  of 
smoothing  or  averaging ;  a  curve  being  drawn  in  which  each  year  point 
represents,  not  the  actual  value  for  that  year,  but  the  average  of  8,  or  6, 
or  7,  or  other  number  of  yearly  values. 

It  seems  to  me  that  a  systematic  investigation  of  the  weather  data  of 
each  month  in  this  way,  so  as  to  bring  into  prominence  the  longer  waves  of 
variation,  is  calculated  to  yield  many  interesting  results.     Having  done  a 
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good  deal  of  work  of  this  kind,  I  have  thought  the  following  examples  (of 
method  and  results)  might  be  not  without  interest  to  the  Society. 

The  features  of  weather  considered  are  temperature,  frost  days,  and  rain 
days.  It  seemed  desirable  to  make  a  comparison  of  Greenwich  with  some 
other  European  station,  and  I  have  selected  Geneva ;  using  the  excellent 
record  of  the  Observatory  there,  as  communicated  annually  to  the  Archives 
des  Sciences,  along  with  M.  Plantamour's  Xouveffes  Etudes,  which  summarise 
the  figures  from  1826  to  1875.  For  frost  days  at  Greenwich  I  have 
utilised  a  table  by  Mr.  C.  Harding  in  the  Qmrterhj  Journal  (1891,  p.  118). 

A  considerable  amount  of  similarity  is  usually  found  between  corres- 
ponding smooth  curves  for  Greenwich  and  Geneva,  though  either  set  presents* 
of  course,  some  distinctive  features. 

We  may  begin  with  the  temperature  variations  of  Februan/,  The  numbers 
of  frost  days  in  February  at  Greenwich  since  1842,  having  been  smoothed 
by  means  of  averages  of  five,  we  obtain  the  dotted  line  curve  in  the  first 
diagram^  (Plate  2).  The  same  smoothing  process  has  been  applied  to  those 
averages,  giving  the  continuous  curve.  These  curves  are  inverted,  the  lower 
parts  representing  the  higher  values. 

Taking  the  twice  smoothed  curve  (as  we  may  call  it)  we  note  three  long 

waves,   culminating   in  1860,    in   1869   (19  years'  interval),  and  in  1882 

18  years),  mild  Februaries  preponderating  at  those  points ;   while  the  lowest 

points  are  at  1856,  1874  (19  years),  and  in  1888  (14  years),  cold  Februaries 

preponderating. 

Below  are  shown  twice  smoothed  curves  (alone)  of  frost  days  and  mean 
temperature  in  February  at  Geneva  since  1826  (the  former  curve  being 
inverted).  Here  the  recurrence  of  the  same  phases  becomes  somewhat  more 
regular;  the  wave  crests  (at  1834,  1849,  1867,  &  1883)  showing  an  average 
interval  of  16*3  years. 

It  is  rather  apart  from  my  object  in  these  remarks  to  suggest  the  ex- 
istence of  cycles ;  I  have  wished  merely  to  present  a  picture  of  the  actual 
variations  in  a  given  time.  Nevertheless,  this  regularity  may  be  pointed 
out  as  interesting. 

The  maxima  and  minima  values  of  the  5 -average  in  the  case  of  Green- 
w^ich  frost  days  may  here  be  given. 

The  highest  are  as  follows  (in  order  of  years)  : 

1846.  1866.  1876.  1888. 

14-4  144  18'2  16-8 

and  the  lowest : 

1860.  1869.  1888. 

6-6  6-4  6-8 

The  range  is  thus  between  6*4  in  1869  and  16*6  in  1888  (difference  11-2). 

The  case  of  January  is  presented  in  Fig.  2.  The  upper  curve  is  a  twice 
smoothed  one  of  mean  temperature  at  Geneva,  while  the  second  gives  frost 

^  The  vertical  scale  in  these  diagrams  is  varied  according  to  convenience. 
Small  letters  (a,  b,  o,)  indicate  the  vertical  scale  of  each  curve. 
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days  at  Greenwich  (inverted)  ;  both  the  once-smoothed  curve  (dotted  line) 
and  the  twice  smoothed  (continuous  line). 

Two  features  may  here  be  noted  :  first,  a  curious  recurrence  in  both  curves 
at  about  10  years  interval  (on  an  average).  The  Geneva  curve  has  wave 
crests  in  1836,  1843,  1863,  1866,  1876,  and  1884 ;  and  the  waves  of  the 
Greenwich  curve  are  in  fair  agreement  as  to  phase,  while  differing  from  each 
other  in  magnitude  (low  minima  alternating,  in  the  period  considered,  with 
high  ones).  Secondly,  a  gradual  rise  and  fall  in  the  Geneva  curve,  sugges- 
tive of  a  much  longer  wave,  of  which  those  67  years  apparently  present  only 
a  part. 

The  variation  of  the  6-average  for  Greenwich  is  from  7*8  (in  1868)  and 
7-6  (in  1874)  to  16-4  (in  1848),  and  17-4  (in  1880),  extreme  difference  9-8. 

Let  us  now  turn  to  consider  the  cold  of  November,  A  pair  of  inverted 
curves  is  given  in  Fig.  8,  made  from  the  number  of  frost  days  in  that  month 
since  1841 ;  the  dotted  line  curve,  as  before,  from  a  first  smoothing  (with 
6-averages),  and  the  continuous  curve  from  a  second.  These  seem  to 
indicate  a  change  of  character  in  November.  Since  about  1860  it  has  on 
the  whole  become  milder.  Thus  the  6-average  of  frost  days  in  that  year  was 
9*6.  It  has  never  been  so  high  since,  and  in  1890  it  was  only  8*8.  Curves 
of  mean  temperature  give  a  corresponding  result.     . 

The  Geneva  curve  of  frost  days  (not  given)  also  shows  a  fall,  but  of 
shorter  extent. 

These  facts  have,  I  think,  a  bearing  on  the  subject  of  fog,  which  is  known 
to  be  closely  related  to  temperature.  The  statistics  we  have  of  fogs  may 
be  said  to  be  somewhat  ^  foggy/  owing,  it  would  seem,  to  some  uncertainty 
as  to  what  should  be  called  a  fog.  We  used  to  hear  a  good  deal  about 
November  fogs,  as  if  that  month  were  the  worst  offender.  This  notion, 
however,  appears  to  be  exploded.  Accordmg  to  Scott,  Symons,  and 
Brodie,  who  have  each  discussed  the  subject  in  recent  years,  November  takes 
a  place  after  December,  January,  and  even  October.  Now  Symons  and 
Brodie  deal  with  20  years  (from  1871),  and  Scott  with  16  years  (from  1876) ; 
and  I  would  here  submit  that  if  we  went  a  little  further  back  than  1871  we 
should  probably  find  a  larger  number  of  fogs  in  November,  corresponding  to 
the  greater  cold.  Some  time  ago  I  went  through  the  Registrar  QeneraVs 
Weekly  Return  from  1868  to  1888,  noting  the  cases  in  which  fog  was  men- 
tioned in  the  weather  tables ;  and  the  result  gave  November  the  highest 
place,  though  December  came  very  close  to  it.  And  in  the  first  half  of 
that  period  of  81  years,  the  number  of  fog  days  was  considerably  greater 
(more  than  a  third)  than  in  the  second  half.  Even  if  such  an  improvement 
in  November  has  really  taken  place,  I  am  afraid  it  would  be  vain  to  count  on 
its  permanency. 

Another  topic  I  propose  to  consider  is,  the  number  of  rairi  days  in  the 
three  months,  May^  July  and  November.  The  method  here  adopted  in 
different,  the  figures  being  all  smoothed  with  averages  of  9.^     On  one  side 

1  It  may  be  stated  that  the  method  of  twice  smoothing  with  averagee  of  5  gives  oorv^i 
Slaving  in  general  the  same  features. 
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of  Fig.  4  is  shown  the  result  in  the  case  of  Greenwich  (from  1815),  and  on 
the  other  in  the  case  of  Geneva  (from  1826). 

There  are  some  curious  relations  between  these  curves,  to  which  attention 
is  invited.  And  first,  it  is  interesting,  I  think,  to  find  these  three  Greenwich 
curves  resembling  each  other  so  much.  Thus,  a  low  point  is  reached  in 
each,  about  the  end  of  the  twenties  or  beginning  of  the  next  decade,  then 
there  is  a  rise  to  high  values  in  the  fifties  ;  another  minimum  is  reached 
in  the  sixties,  and  there  is  a  general  rise  since.  Further,  it  may  be  noted 
that  two  of  the  Geneva  curves,  May  and  July,  have  features  similar  to  those 
just  described,  indicating  that  the  influence  to  which  such  changes  are  due 
is  not  of  a  purely  local  character. 

Again,  the  November  curve,  for  Geneva,  diverges  from  the  common  type, 
and  presents  evident  differences  from  the  November  curve  for  Greenwich. 
Thus,  the  maximum  of  1852,  in  the  latter,  is  unrepresented  ;  and  from  a 
minimum  in  1847  there  is,  one  may  say,  a  long  gradual  rise  throughout  the 
remainder  of  the  period. 

Of  the  three  months,  July  and  November  show  the  closer  similarity  in 
Greenwich ;  while  May  and  July  are  more  like  each  other  in  the  case  of 
Geneva.  At  Greenwich  the  number  of  rain  days  in  November  has  risen 
since  1860  along  with  the  temperature.  Once  more,  the  intervals  appear  to 
suggest  Briickner's  85  years  period.  According  to  his  view,  1815,  1850, 
and  1880  are  approximately  centres  of  cold  and  wet  periods,  while  1880  and 
1860  are  centres  of  warm  and  dry  periods. 

I  will  conclude  with  two  well-marked  examples  of  long  gradual  changes 
in  the  character  of  months.  One  is  that  of  the  mean  temperature  of  July  in 
Geneva  ;  the  other  the  mean  temperature  of  April  at  both  stations. 

The  July  mean  temperature  curve  for  Geneva  (in  which  the  actual  values 
are  simply  smoothed  with  averages  of  5)  is  given  in  Fig.  5.  Note  the  long 
gradual  ascent  from  a  value  of  62°-2  in  1842  to  one  of  68°-9  in  1872. 
The  corresponding  curve  for  Greenwich  (dotted  line  curve,  with  distinct  scale) 
is  somewhat  different,  with  a  low  point  reached  in  1862. 

With  regard  to  April  (Fig.  6),  it  will  be  observed  that  long  changes  of 
rise  and  fall  have  been  in  progress.  For  example,  the  Greenwich  curve  falls 
with  little  mterruption  from  5r-0  in  1867  to  46''-0  in  1890  ;^  that  of 
Geneva  from  51°-2  in  1864  to  46°-6  in  1890. 

Some  interesting  questions  seem  to  arise  out  of  the  facts  that  have  been 
presented. 

One  is  as  to  the  extent  of  the  earth's  surface  over  which  those  and 
other  changes  may  be  observed.  Are  they  traceable  over  the  whole  of 
Europe,  and  on  other  Continents?  A  knowledge  of  their  extent  might 
materially  affect  our  ideas  on  another  question,  that  viz.  as  to  their  cause 
or  causes.  Why  should  our  weather  at  a  particular  part  of  the  year  become 
in  a  long  series  of  years  gradually  colder,  wetter,  &c.  ?     The  85  years'  period 

^  The  valaes  of  mean  temperature  here  used  are  those  given  in  a  recent  table  by 
Pr,  Baoban  in  the  Scottish  Meteorological  Society's  Journal  ^3  Ser.  No.  9)^ 
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(with  which  I  have  supposed  some  of  those  changes  to  he  possibly  connected), 
has  been  comprehensively  studied  by  Briickner ;  but  he  does  not  appear 
to  have  obtained  any  light  as  to  its  causation. 

Finally,  it  may  fairly,  I  think,  be  considered  whether  those  changes  in 
the  past  do  not  afford  some  clues  as  to  the  future  (in  a  general  way).  From 
a  regular  recurrence  like  that  of  Geneva  frost  days  in  February,  might 
not  a  '  working  hypothesis  '  be  formed  as  to  approaching  waves  of  cold  ? 
The  position  now  attained  by  such  a  curve  as  that  of  the  November  rain 
days  seems  to  warrant  us  in  expecting  an  early  descent  of  the  curve,  &c. 

To  these,  among  other  problems,  I  venture  to  invite  the  Society's 
attention. 


REPORT  ON  THE 

PHENOLOGICAL    OBSERVATIONS 

FOR    1894. 

By  EDWARD  MAWLEY,  F.R.Met.Soc.,  F.R.H.S. 

[Bead  February  20th,  1895.] 

Retdbns  were  received  from  118  ohservers  in  1894,  or  from  four  less  than 
in  the  previous  year.  The  distribution  of  the  observing  stations  has 
however,  somewhat  improved,  as  there  are  now  four  observers  in  Ireland 
South  instead  of  two,  nine  in  Ireland  North  instead  of  six,  and  eight  in 
England  North-east  instead  of  seven.  For  the  new  observers  in  Ireland 
the  Society  is  indebted  to  the  courtesy  of  the  Editor  of  the  Irish 
Naturalisty  who  inserted  a  letter  from  me  in  that  Journal  asking  for  new 
observers,  with  an  editorial  footnote  requesting  his  readers  to  comply  vdth 
my  request. 

The  changes  in  the  observing  stations  since  the  last  Report  was  issued 
have  been  as  follows  : — No  returns  were  sent  in  from  Liskeard  and  West 
Bagborough  in  District  A. ;  Wicklow  in  District  B. ;  Bidborough,  Lynsted, 
Bickley,  WiUinghurst,  Croydon,  Farley  and  Salisbury  in  District  O. ; 
Broxboume,  Walsall,  Eaton  and  Bakewell  in  District  D. ;  Wryde  in 
District  E.;  Heswell  in  District  F. ;  and  Driffield  in  District  L.  On  the  other 
hand  new  stations  have  been  started  at  Barnstaple  in  District  A* ;  Ferns, 
Woodenbridge  and  Greystones  in  District  B. ;  Whitchurch  Canonicomm 
and  Bere  Regis  in  District  O. ;  Hatfield  in  District  E* ;  Ellesmere  in 
District  P. ;  Westport,  Ballymena  and  Ramelton  in  District  Q. ;  and  Great 
Cotes  and  Lilliesleaf  in  District  I. 

Most  of  the  districts  into  which  the  British  Isles  are  divided  are 
moderately  well  represented,  but  new  observers  are  still  very  much  wanted  in 
Ireland  South  and  Scotland  North  and  East. 


Digitized  by 


Google 


ICAWLST — HBPOBT  ON  THB  PBENOLOQIOAL  OBSBBYATIONS  FOB  1894.        118 

At  most  of  the  stations  the  observations  seem  to  have  been  made  with 
considerable  care,  and  in  many  cases  the  observers  appear  to  take  a  keen 
interest  in  their  work  and  endeavour  to  make  their  returns  as  complete  and 
satisfactory  as  possible.  Of  the  present  staff  about  three-fourths  of  their 
number  have  sent  in  returns  throughout  the  four  years  that  the  present 
system  of  observations  has  been  adopted — most  of  these  having  from  the 
commencement  been  among  the  Society's  most  trustworthy  observers. 

Table  I.  will  show  how  satisfactory,  on  the  whole,  have  been  the  returns 
sent  in  during  the  four  years. 

TABLE  I. — Mban  Bbstjlts,  with  thbib  variatiokb  fbom  thb  adoftbd  avbbaoe,  fob  the 
13  Plants  in  all  thb  Distbicts  whbbb  thbbb  havb  bebn  suffioiest  Obbebvbbs  to 
wabbant  c0mpab1b0n8  beino  hade. 


Years. 

Eng.  SW. 

England,  8. 

Eng.  Mid. 

England,  E. 

Eng.  NW. 

Day 

of 

Year. 

Variation 

from 
Average. 

of      «  0  § 
Year.   S-«5 

1 

Year. 

pi 

Days. 
+'4 
+  8 

—  II 

—  I 

Day 

of 

Year. 

Variation 

from 
Average. 

Day  '1  a  i 
of    15  Is 

Year.|S-^ 

1891 
1892 
1893 
1894 

'44 
'39 
118 
126 

Days. 

—'3 

-5 

144 
138 
122 
130 

Days. 

t" 

— II 

ISO 
144 
125 
135 

147 
143 
"3 
127 

Days. 

r, 

—13 

-9 

150 

'47 
128 

'37 

Days. 

+'3 
-|-io 

—  9 
Av. 

The  Wint^  of  1893-4. 

December  was  a  mild  winter  month  in  all  the  districts,  the  departures 
from  the  average  in  mean  temperature  ranging  from  +1^*8  in  England 
South  to  +^^'0  in  Scotland  West  and  East.  The  first  week  or  ten  dayb  in 
January  proved  very  cold,  especially  in  the  Midlands,  Ireland  North,  and 
Scotland  East,  but  after  this  time  unseasonably  warm  weather  prevailed 
until  the  end  of  the  month.  With  the  exception  of  one  week  towards  its 
close,  when  moderate  frosts  were  experienced  in  most  districts,  the  February 
temperatures  were  uniformly  high.  Taking  the  quarter  as  a  whole  the  fall 
of  rain  in  many  parts  of  the  British  Isles  was  more  or  less  in  excess  of  the 
average.  The  record  of  sunshine,  at  all  but  the  Scotch  stations,  also 
exceeded  the  mean. 

The  winter  of  1898-4  was  entered  upon  by  farm  and  garden  crops  under 
very  favourable  circumstances.  The  soil,  owing  to  the  beneficial  effects  of 
the  warm  and  dry  summer  of  1898  aud  the  scanty  vegetation  of  that  year, 
was  in  a  very  fertile  condition.  The  autumn  sown  cereals  were  sturdy  and 
well-rooted,  and  thus  well  fitted  to  withstand  any  severe  weather  they 
might  be  called  upon  to  encounter  daring  the  next  three  or  four  months. 
Fruit  and  other  flowering  trees  and  shrubs  were  furnished  with  exceptionally 
well  ripened  shoots,  but  on  dry  soils  were  in  many  cases  still  feeling  the 
effects  of  the  recent  droughts.  Early  in  January  there  occurred  a  brief  but 
very  keen  frost,  which  appears  to  have  been  most  severely  felt  in  parts 
of  Ireland  and  Scotland,  where  in  many  places  evergreen  shrubs  were 
much  crippled,  and  in  some  instances  killed  outright.     In  the  neighbourhood 
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of  Cork  large  areas  of  broccoli,  growing  in  the  market  gardens,  were  com- 
pletely destroyed.  In  the  north  Midlands  also  this  frost,  being  preceded 
by  cutting  North-easterly  winds,  did  much  damage  to  shrubs  and  vegetables. 
But  taking  the  country  generally,  little  permanent  harm  was  done  to 
vegetation  by  this  short  spell  of  cold  weather.  No  sooner  was  it  at  an  end 
than  a  return  to  milder  conditions  took  place,  and  although  another  cold  week 
occurred  in  February  the  crops  generally  continued  to  make  steady  progress 
during  the  remainder  of  the  season. 

The  hazel  came  into  flower  rather  earlier  than  usual  in  the  southern  half 
of  the  Kingdom,  but  was  late  in  the  northern  counties  of  England  and  in  the 
west  of  Scotland.  The  flowering  of  the  coltsfoot  was  also  backward  in  the 
north,  but  about  average  in  the  warmer  districts. 

The  song-thrush  was  heard  at  earlier  dates  than  in  either  of  the  three 
previous  years.  The  honey-bee  first  visited  flowers  at  about  the  same  time 
as  in  1891  and  1898,  but  decidedly  earlier  than  in  1892. 

The  Spring,  • 

Throughout  the  whole  of  the  British  Isles  both  March  and  April  were  very 
warm  months,  but  during  May  the  weather  became  colder,  and  at  the  end  of 
the  third  week  there  occurred  on  two  successive  nights  frosts  of  exceptional 
severity  for  so  late  in  the  spring.  March  and  April  taken  together  had  a 
deficient  rainfall  in  all  but  the  Irish  districts,  whereas  in  May  the  total  fall 
was  almost  everywhere  rather  in  excess  of  the  mean.  The  first  spring 
month  proved  in  all  parts  one  of  brilliant  sunshine,  while  April  was  also 
more  sunny  than  usual ;  but  during  May,  with  the  exception  of  Scotland 
East  and  North,  where  the  weather  continued  bright,  there  was  a  deficiency 
of  clear  sunshine. 

Farmers  were  enabled  to  work  their  land  and  prepare  it  for  spring  corn  and 
roots  under  very  favourable  conditions,  as  the  soil  remained  not  only  dry  and 
friable,  but  also  during  a  great  part  of  the  season  unusually  warm.  The 
autumn  sown  cereals  and  grass  also  made  good  growth.  In  the  gardens, 
until  after  the  middle  of  May,  the  prospect  of  an  exceptionally  bountiful  crop 
of  fruit  never  perhaps  before  appeared  so  certain  of  realisation ;  for  the  trees 
and  bushes  were  not  only  provided  with  young  wood  splendidly  matured,  but 
were  heavily  laden  with  fine  healthy  blossoms. 

Unfortunately,  on  May  21st  and  22nd  there  occurred  two  severe  frosts, 
followed  by  keen  North-easterly  winds,  which  at  once  changed  these  brilUant 
prospects.  The  havoc  committed  among  the  fruit  blossoms  appears  to 
have  been  very  general,  apples  and  strawberries  being  the  greatest  suffer- 
ers. No  district  entirely  escaped  this  frost,  and  this  was  perhaps  the  most 
remarkable  feature  of  it.  Then  again,  although  visiting  nearly  all  parts  of 
the  kingdom,  it  is  surprising  how  greatly  the  injuries  resulting  from  it  varied 
even  within  short  distances,  and  how  some  localities  were  altogether  un- 
touched by  it.  Beyond  giving  a  temporary  check  to  their  growth,  this 
winterly  weather  did  but  little  injury  to  the  corn  and  grass.  Potatoes,  how- 
ever, suff'ered  severely  in  all  parts  of  the  country,  and  in  the  localities  most 
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seriously  affected  beans,  peas,  and  turnips  and  other  like  crops  were  also  in- 
jured ;   while  the  oaks,  ashes,  horsechestnnts,  and  other  trees  had   their 
young  foliage  entirely  destroyed.    By  some  observers  the  principal  damage 
done  to  foliage  and  blossoms  is  attributed  to  the  wind,  while  others  say  that 
it  only  affected  trees,  &c.  situated  in  low-lying  positions.      Others  again 
attribute  it  to  the  leaves  and  flowers  being  wet  on  one  of  the  frosty  nights, 
and  some  to  the  sun  shining  upon  them  when  in  a  frozen  condition.     No 
doubt  in  many  cases  it  was  not  the  degree  of  cold  alone,  but  one  or  more  of 
the  above  influences  combined  with  it,  which  caused  the  damage  done  to  be 
greater  than  it  otherwise  would  have  been.     Besides  which,  the  cold  winds 
which  followed  the  frost  must  have  greatly  increased  the  injuries  it  inflicted, 
Taking  the  means  of  all  the  extreme  minima  at  the  Meteorological  Office 
stations  for  the  different  districts  during  the  May  frost,  and  beginning  with 
those  which  come  out  with  lowest  temperatures,  they  arrange  themselves  as 
follows :— Scotland  East  (J.),  Scotland  North  (K.),  England  Midlands  (D.), 
Scotland  West  (H.)>  England  North-east  (I.),  Ireland  North  (Q.),  England 
East  (E.)>  England  North-west  (F.)>  England  South-west  (A.),  Ireland  South 
(B.)>  &Qd  England  South  (O.) ;  the  means  ranging  from  28^*5  in  Scotland 
East  to  84°'6  in  England  South. 

The  wood  anemone  came  into  blossom  from  ten  days  to  three  weeks  late. 
But  the  flowering  of  all  the  spring  plants  after  this,  until  the  third  week  in 
May,  took  place  decidedly  early,  and  in  some  cases  earlier  even  than  in 
1898.  For  instance,  the  blackthorn  was  in  bloom  from  a  week  to  ten  days 
in  advance  of  the  mean  in  most  parts  of  the  country  ;  garlic  hedge  mustard 
ten  days  to  a  fortnight,  and  the  horsechestnut  and  hawthorn  from  a 
fortnight  to  three  weeks  earlier  than  usual ;  whereas  the  white  ox-eye,  which 
flowered  after  the  middle  of  May  and  in  the  beginning  of  June,  varied  from 
about  average  to  less  than  a  week  early  in  the  first  six  districts,  and  was 
from  a  week  to  three  weeks  late  in  the  more  northern  ones. 

The  spring  migrants  made  their  appearance  in  this  country  as  a  rule  in 
advance  of  their  usual  time  : — The  swallow  at  an  earlier  date  than  in  either 
of  the  three  preceding  years,  except  1898  ;  the  cuckoo  four  days  earlier  than 
in  the  previous  spring,  and  nearly  a  fortnight  earlier  than  in  either  1891  or 
1892.     The  dates  for  the  nightingale  and  flycatcher  are  also  very  early  ones. 

As  in  1898,  wasps  and  the  small  white  butterfly  were  first  seen  unusually 
early  in  the  year,  but  the  orange  tip  butterfly,  although  also  early,  made  its 
appearance  somewhat  later  than  in  the  previous  year. 

The  Summer. 

With  the  exception  of  the  last  week  June  was  a  cold  summer  month. 
July  began  with  a  hot  week,  and  there  was  a  little  warm  weather  at  its 
close,  but  during  the  rest  of  the  month  the  temperature  remained  below 
the  average,  while  August  proved  cold  throughout.  Taking  the  summer 
as  a  whole,  the  temperature  was  below  the  average  in  every  district  except 
Scotland  North,  where  the  July  mean  compared  with  average  comes  out  as 
-|-2^'8.    In  pearly  ^U  parts  of  the  Kingdom  the  summer  was  a  wet  one, 
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TABLE  IL— LIST  OF  OBBEBVBBS. 


Station. 

1 
Connty. 

h 

p 

Obflfirver. 

A. 

Ft. 

I  Marazion 

Cornwall 

40 

F.  W.  Millett 

2  Mawnan  Smith 

Cornwall 

200 

Miss  B.  Barclay 

3  Falmouth 

Cornwall 

190 

Miss  Willmore 

4.  Tiverton 

Devon 

270 

Miss  M.  B.  Gill 

5  Westward  Ho 

Devon 

100 

H.  A.  Evans 

6  Instow 

Devon 

250 

H.  M.  W.  HinohUff 

7  Barnstaple 

Devon 

20 

T.  Wainwright 

8  Sideot 

Somerset 

200 

J  W.  F.  Miller 
1 G.  B.  Bowntree 

9  LongAshton 

Gloucester 

280 

Miss  H.  Dawe 

ID  Clifton 

Gloucester 

300 

G.  G.  Griffiths.  F.E.S. 

II  Penarth 

Glamorgan 

120 

G.  A.  Birkenhead 

12  Gardifl 

Glamorgan 

40 

A.  Pettigrew 

13  Castleton 

Glamorgan 

80 

F.  G.  Evans,  F.B.Met.Soc. 

14  Bassaleg 

Monmouth 

as 

W.  J.  Grant 

15  St.  Aryan's 

Monmouth 

360 

Miss  M.  Poake 

16  St.  David's 

Pembroke 

220 

W.  P.  Propert,  LL.D.,  F.B.Met.Soo. 

17  Aberystwith 

S. 

18  Killamey 

Cardigan 

30 

J.  H.  Salter,  B.So. 

Kerry 

100 

Ven.  Archdeacon  Wynne 

19  Ferns 

Wexford 

260 

G.  E.  J.  Greene,  D.D.,  F.L.S. 

20  Woodenbridge 

Wicklow 

300 

J.  Hunter 

21  Greystones 

0. 

22  Bembridge 

Wicklow 

20 

Mrs.  W.  Wynne 

Isle  of  Wight 

80 

C.  Orchard 

23  Whitchurch,        \ 
Ganonicomm      f 

Dorset 

150 

MiflB  Mules 

24  B^eBegis 

Dorset 

130 

W.  Bedford 

25  Blandford 

Dorset 

270 

J.  C.  Mansell-Pleydell,  F.G.S..  F.L.S. 

26  Backhom  Weston 

DorFet 

290 

Miss  H.  K.  H.  D'Aeth 

27  Pennington 

Hants 

100 

Miss  E.  S.  Lomer 

28  StrathfieldTurgiss 

Hants 

200 

Bev.  G.  H.  Griffith 

29  Bexhill-on-Sea 

Sussex 

10 

H.  Le  M.  Dunn 

30  Muntbam 

Sussex 

250 

P.  S.  Godman,  F.Z.S. 

31  Dover 

Kent 

ISO 

F.  D.  Campbell 

32  Famborough 

Kent 

350 

F.  G.  M.  Kelly 

33  Swan  ley 

Kent 

220 

G.  H.  Hooper 

34  Chislehurst 

Kent 

360 

Miss  F.  Duncan 

3$  Goneyharst 

Surrey 

600 

J.  BusseU 

36  Gburt  Vicarage 

Surrey 

350 

Rev.  A.  W.  Watson 

36  Churt 

Surrey 

300 

C.  Griddle 

37  Cranleigh 

Surrey 

180 

Admiral  J.  P.  Madear,  F.B.Met.Soc. 

38  Winterfold 

Surrey 

580 

R.  Turvey 

39  Oxshott 

Surrey 

210 

W.  H.  Dines,  B.A.,  F.R.Met.Soc. 

40  Ashtead 

Surrey 

, , 

B.  M.  Prideaux 

41  Addlostone 

Surrey 

100 

C.  U.  Tripp.  M.A.,  F.B.Met.Soc. 

42  East  Molesey 

Surrey 

40 

Lady  Jenkyns 

43  Marlborough 

Wilts 

480 

E.  Meyrick 

44  Whatley 

Somerset 

450 

C.  G.  Whittaker 

45  Whitchurch 

Oxford 

150 

Rev.  J.  Slatter,  M.A.,  F.R.Met.Soc 

46  Reading 

D. 

47  Oxford 

Berks 

fl.  Goadby 

Oxford 

200 

F.  A.  Bellamy,  F.B.Met.Soc. 

48  Gheltenham 

Gloucester 

250 

M.  L.  Evans 

49  Beckford 

Gloucester 

120 

F.  Slade,  F.R.Met.Soc. 

50  Watford 

Herts 

240 

Mrs.  G.  E.  Bishop 

51  St.  Albans  (The) 
Grange)             j 

Herts 

380 

Mrs.  Hopkinson 
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TABLE  n.— LIST  OF  OB 

SEBYEBS— ConttniMd. 

Station. 

County. 

|l 

Observer. 

D. 

Ft. 

SI  St.  Albans  (Ad-)  1 
disoombe  Ld«:. 

Herts 

400 

Miss  E.  F.  Smith 

51  St.AlbangfWor-l 
ley  Boad)           / 
51  Badlett 

Herts 

300 

H.  Lewis 

Herts 

320 

Miss  E.  M.  Lubbock 

52  Berkhamsted 

Herts 

400 

Mrs.  E.  Mawley 

53  Harpenden 

Herts 

370 

J.  J.  Willis 

54  Boss 

Hereford 

210 

H.  Southall,  F.B.Met.Soc. 

55  Breinton 

Hereford 

230 

H.  A.  Wadworth,  F.R.G.S. 

56  Eyesham 

Worcester     • 

120 

Bev.  D.  Davis.  B.A. 

57  Henley-in-Arden 

Warwick 

320 

T.  H.  G.  Newton,  F.B.Met.Soc. 

58  Northampton 

Northampton 

320 

H.  N.  Dixon,  M.A.,  F.L.S. 

59  Charchstoke 

Montgomery 

550 

P.  Wright,  F.R.Met.Soc. 

60  Bnrbage 

Leicester 

430 

C.  C.  Hurst,  F.B.H.S. 

61  Thnrcaston 

Leicester 

250 

Bev.  T.  A.  Preston,  FJl.Met.Soc. 

62  Uppingham 

Butland 

300 

G.  W.  S.  Howson,  M.A. 

63  Tean 

Stafford 

470 

( Bev.  G.  T.  Byves,  F.B.Met.Soc. 
I  Miss  M.  G.  B.  Byves 

64  Beeston 

Notts 

210 

G.  FeUows,  F.E.Met.Soo. 

65  Hodsock 

Notts 

60 

Miss  Mellish,  F.B.H.S. 

66  Macclesfield 

Cheshire 

500 

J.  Dale 

67  Belton 

Lincoln 

aoo 

Miss  F.  H.  Woolward 

68  Harrogate 

69  Hatfield 

Yorkshire 

340 

J.  Fairah,  F.B.Met.Soo. 

Herts 

•  • 

T.  Brown 

70  Hertford 

Herts 

140 

W.  Graveson 

71  Hitchin 

Herts 

230 

J.  E.  Little,  M.A. 

72  Ashwell 

Cambridge 

260 

H.  G.  Fordham 

73  Booking 

Essex 

240 

H.  S.  Tabor,  F.B.Met.Soo. 

74  Lezden 

Essex 

90 

Miss  Carver 

75  Sproughton 

Suffolk 

30 

Bev.  A.  Foster-Melliar 

76  Taoolneston 

P. 
Tj  Ellesmere 

Norfolk 

190 

Miss  E.  J.  Barrow 

Shropshire 

300 

J.  A.  S.  Jennings 

78  Penmaenmawr 

Camarron 

350 

A.  T.  Johnson 

79  Claughton 

Laucashire 

80 

Mrs.  K.  Green 

80  Giggleswick 

Torknhire 

500 

E.  Peake,  M.A. 

81  Ambleside 

Westmoreland 

320 

S.  A.  MarshaU 

82  Egremont 

Comberland 

160 

J.  Sherwen 

83  Cronkboorne 

Isle  of  Man 

no 

A.  W.Moore 
1  J.  Murphy 

84  Orry's  Dale 

Isle  of  Man 

70 

Miss  C.  G.  Crellin 

85  Solby 

86  Edgeworthstown 

Isle  of  Man 

80 

H.  S.  Clarke.  F.E.S. 

Longford 

270 

J.  M.  Wilson,  B.A. 

87  Westport 

Mayo 

10 

J.  M.  McBride 

88  Longhbrickland 

Down 

350 

Bev.  H.  W.  Lett,  M.A. 

89  Saintfield 

Down 

310 

Bev.  C.  H.  WaddeU,  M.A. 

90  Antrim 

Antrim 

70 

Bev.  W.  S.  Smith 

91  Ballymena 

Antrim 

150 

W.  Anderson 

92  Londonderry 

93  Ballynagard 

Londonderry 

4.50 

T.  Gibson 

Londonderry 

30 

Miss  A.  M.  CampbeU 

94  Bamelton 

H. 

95  Dalshangan 

Donegal 

too 

Miss  K.  Swiney 

Kirkcudbright 

500 

T.  B.  Bruce 

96  Tynron 

97  Thomhill 

Dumfries 

520 

J.  Shaw 

Dumfries 

300 

J.  Fingland 

98  Jardington 

Dumfries 

100 

J.  Rutherford 

99  Helensburgh 

Dumbarton 

100 

Miss  Muirhead 
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TABLE!  n.-LIST  OF  OBSEBVEBS-Continwrf. 

li 

Station. 

County. 

ii 

Authority. 

I. 

Ft. 

loo  Doddington 

Lincoln 

90 

Bev.  B.  E.  Cole 

loi  Great  Cotes 

Lincoln 

J.  Cordeaux 

102  Thirek 

YorkB  (N.  B.) 
Yorks  (N.  B.) 

120 

A.  B.  Hall 

103  EastLayton 

570 

Mra.  E.  0.  Maynard  Proud 

104  Durham 

Durham 

350 

H.  J.  Carpenter 

105  Low  Fell 

Durham 

90 

A.  W.  Price 

106  Cambois 

Northumberland 

20 

8.  Dunnett 

107  Lilliesleaf 

108  Aberdeen 

Boxburgh 

530 

MIbs  0.  B.  Carre 

Aberdeen 

40 

P.  Harper 

K. 

. 

109  Liverbroom 

B08B 

50 

J.  A.  Fowler 

The  numbers  before  the  names  of  the  Stations  refer  to  their  position  on  the  map  of 
the  Stations  (Fig.  1,  p.  119). 

while  there  was  everywhere  a  marked  deficiency  of  bright  annshine,  except 
in  the  north  of  Scotland,  where  the  weather  appears  to  have  heen  remarkably 
sunny. 

In  the  earlier  districts  most  of  the  hay  was  harvested  in  splendid  con- 
dition, and  as  was  the  case  everywhere,  the  crop  proved  an  nnusnally  heavy 
one  ;  but  in  the  later  districts  rain  greatly  interfered  with  its  ingathering. 
The  com  made  slow  but  satisfactory  progress  until  warmer  weather  set  in 
for  a  time  at  the  end  of  June,  after  which  it  grew  more  rapidly  and  very 
strongly.  Much  of  this  fine  crop  was,  however,  beaten  down  by  the  heavy 
thunderstorms  of  July  and  August.  The  corn  harvest  was  a  very  long  and 
tedious  one,  owing  to  the  many  interruptions  caused  by  the  frequent  rains. 

Weeds,  as  might  have  been  expected  in  such  a  cool  wet  summer,  grew 
apace,  and  were  with  difficulty  kept  under.  Slugs  and  snails  were 
unusually  numerous  and  destructive.  But  the  pests  of  the  season  were 
undoubtedly  aphides  of  all  kinds,  which  did  considerable  mischief  to  fruit  and 
other  trees,  roses,  &c.  Earwigs  were  also  very  numerous  in  East  Anglia 
and  other  parts.  There  were,  however,  very  few  wasps  or  butterflies  any- 
where to  be  seen. 

Owing  to  the  May  frosts  there  was  almost  everywhere  a^very  scanty  crop 
of  strawberries.  Raspberries,  currants  and  gooseberries  also  yielded  badly, 
especially  in  the  midland  and  northern  counties  of  England  and  in  Scotland. 

The  dog*  rose  flowered  at  about  its  average  date  in  all  the  first  six  districts 
except  England  East,  where  it  was  early,  but  was  decidedly  late  in  most  of 
the  northern  districts.  The  flowering  of  the  black  knapweed,  the  harebell 
and  the  greater  bindweed  was  very  irregular,  but  in  the  case  of  the  two  last 
named  was  in  most  parts  of  the  country  rather  in  advance  of  the  mean. 

The  meadow  brown  butterfly  made  its  appearance  later  than  in  any  year 
since  1891. 
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The  Autumn. 
Septemb  r  proved  everywhere  a  cold  month,  but  in  October  there  were 
a  good  many  moderately  warm  days,  and  daring  November  the  weather 
remained  thronghont  unseasonably  mild  in  all  parts  of  the  country.     The 


Fza.  1.— Map  shovixig  the  position  of  Phenological  Stations,  1894.    For  the  Names  of 
the  Stations,  see  List  of  Observers,  Table  11. 

total  rainfall  of  this  quarter  was  large  in  the  South  and  South-west  of 
England,  but  by  far  the  greater  part  of  it  was  deposited  during  the  three 
weeks  ending  November  14th,  which  were  excessively  wet.  In  most  of 
the  other  districts  the  fall  varied  from  about  average  to  over  4  inches  iQ 
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TABLE  in.— Djltx  (Day  or  Yxab)  or  Fibst  Flowiumo  or  Plants,  1894. 


Station. 


Marazion   ..... 

Mawnan  Smith 
Falmouth  ..... 

Tiverton    . . . . , 

Westward  Ho 
Instow    ...... 

Barnstaple    . . 

Sidcot     

Long  Ashton 

Clifton    

Cardiff    

Castleton   . . . . 

Bassaleg    

St.  Aryans     

St.  David's    

Aberystwith 

B. 

Eillarney   

Ferns     

Woodenbridge  . . . . 
Greystones    ...   . . 

C. 

Bembridge    

Whitchoroh,         ) 
Canonicomm    / 

Blandford 

Backhorn  Weston 

Pennington   

Strathfield  Tnrgiss 
Bezhill-on-Sea  . . . . 

Montham • 

Dover     , . 

Famborongh     . . . . 

Cbislehurst  

Coneyhnrst  

Chnrt  (Vicarage)  , . 

Churt     

Cranleigh 

Winterf  old    

Oxshott      

Ashtead 

Addlestone    

East  Molesey    . .   . 
Marlborongh     . . . . 

Whatley    

Whitchurch 

Beading     

D. 

Oxford   

Cheltenham 

Beckford    

Watford     : 

St.  Albans   (The 

Grange) 
St.  Albans  (Ad.Lge. 
Kadlett  .. 


I 


14 


26 


be) 


irr- 


-WT- 


34 
21 

20 
H 

I  a9 

I  19 
I  39 

41 
3> 
35 
20 

33 
21 


35 


90 


•SS 


tH 


94 


89 

lOI 

146 


94 

100 

95 
105 
100 

9* 
no 
III 

lOI 

99 
97 


103 
103 

99 
106 

lOI 

104 


94 
103 
104 

10 

104 

100 
no 


"4 
no 

lOI 

III 


105 
105 

99 
113 
103 

lOI 

96 

96 

108 


104 

93 
106 
III 

107 

109 
"5 

"5 
III 
102 
109 
107 
108 
103 
113 
III 
120 
121 

lOZ 

103 
118 
118 
116 
104 
106 
120 
no 


107 
no 
106 
120 

no 

108 


109 

"7 
102 
no 


100 

"3 
116 
121 
III 
no 

i'3 

106 


105 

98 

nl 
117 

109 
106 

"5 
106 
121 
112 
102 
100 
122 
107 
116 
118 
116 
116 
106 
128 
no 
129 

112 

"5 

118 

"5 


"5 
117 
no 
121 

118 

116 


160 
141 
«47 
135 


140 
138 


*»5 
139 

144 


122 

130 
142 
124 


127 
125 

135 
132 

124 

»35 
130 
129 

134 
136 
130 
144 

135 
142 

145 

'5* 
142 

142 
145 


143 
152 
121 
150 

147 
118 


141 
160 


144 


'54 
149 
161 


158 
146 
160 


132 

150 

15" 
165 


'53 

150 
154 
155 
'39 
147 
163 
161 
156 
ISO 
162 
144 
'54 

162 
'47 
'55 
'59 
'5' 
168 


'45 
'55 
150 

'53 


'59 


192 


158 
186 


170 


183 

'79 
164 


160 

191 
165 

'59 
169 


172 
182 


57 
166 
214 


196 
180 
'75 
'74 
188 


'73 


cS  i- 


168 


200 
203 


'75 

159 
160 


'95 
196 
158 
166 

'97 


192 

188 


180  200 


196 


171 
202 

201 
188 


'95 
204 


209 


223 


267 
267 


169 
186 


192 
181 

'99 
203 
164 

191 

155 
208 


^77 
252 
289 

270 

»74 
260 
268 
263 

263 

244 

268 


196 

201 
181 


^75 
218 


301 
276 
280 
*55 
»93 
266 
280 


285 
283 

234 

276 


269 
262 


251 
251 
258 
284 

289 
«93 
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TABLE  in. — Datb  (DjlT  of  Yeab)  of  Fibst  f  lowerino  of  Plants,  1894— ConttTiued. 


Station. 

1 

39 
30 
4Z 

11 

41 

45 

29 

38 
44 
3' 
3" 

11 

23 
-I 

18 
34 
19 
29 
34 
30 

49 

•  • 

26 
20 
41 

37 
73 
36 
37 

57 

39 

\l 

42 

42 

40 
19 
64 
48 

1 

< 

1 

1 

w 

1 

i 

d 

1 

w 

k 
s 

1 

150 
'54 

lie 
'52 
152 
166 
168 

181 
'59 
'52 

170 
169 
165- 
168 
'74 

150 

'44 
140 

148 
'5' 

162 

'59 
162 

'75 
'67 

'78 
'7' 

'75 

•  • 
»74 

'71 
'73 

167 
166 

'l^ 
185 

s 

w 

1 

^ 

D. 

Berkhamsted    .... 

Harpenden    ...... 

Ross   

1* 

60 
42 

i\ 
48 
60 
70 
44 
39 
62 

87 

66 

i 

55 

39 
35 

63 
91 

62 
68 
79 
58 

59 

57 
64 

71 

82 

94 
76 
77 

It 

72 
55 

89 

81 
98 
83 
76 
80 

84 
90 

79 

87 
85 
72 
84 

88 
70 
76 

91 
74 

81 
83 
83 
83 

li 
127 

94 

89 
72 
66 

86 
48 

•  • 

92 
98 
85 
95 

87 

77 

103 

91 

!' 

86 
86 
88 

9» 
86 
96 
89 
C6 
93 
87 
85 

1? 
90 

86 
67 
79 
83 
93 
9' 

82 
90 
93 
95 
92 

1: 
I7 

88 
98 

96 
93 

^t 
98 

105 

I7 

100 
116 

99 
102 
103 

97 

ihi 

108 
103 

103 
109 

104 

112 

106 

ii 

105 

lOI 

104 

IDS 

IIO 
112 

•  • 

97 

• . 
119 

109 

105 

1x6 

"3 

107 
114 

no 
113 
117 
118 
119 
u6 

121 
112 
"5 

122 

104 
no 
103 

"5 
107 
101 
113 

109 
120 
no 
136 

103 
109 

"4 
116 
125 
112 

133 

124 
122 

n6 
109 
120 
136 

2^^ 

"5 
103 
113 
102 
118 

"5 
125 
120 
"5 

\ll 

119 

122 
116 
116 
141 

III 

102 
103 
IIO 

124 
114 

"5 

106 
133 
"4 
.36 

"3 
1x8 
128 
127 
131 
127 
120 
119 

145 
136 
130 
132 

120 
120 
'45 
143 

1x6 

I  to 
•3> 

132 
H3 

'59 
132 
.63 

'5* 

160 

'43 
16s 

130 
131 

157 
'35 

119 

lis 

'33 

146 
'57 
'53 
138 

'53 
166 

160 

160 

'54 
183 

187 

182 
212 

182 
192 

^77 

176 
187 
187 
183 
186 

161 

168 

210 

•  • 

179 
176 

202 
2x2 

215 

215 

204 

196 

101 

190 
186 

'94 

;ii 

'75 
192 
188 
203 
188 

'93 

'79 

'99 
207 
185 

180 

205 

201 

'93 

181 
201 

ao7 

187 
195 

'77 

219 
200 

222 

187 
196 
209 
192 

191 

'93 

200 
207 
188 

180 

222 
191 

202 
214 

'93 

289 

289 

26i 

301 

273 
274 

308 

259 

271 

2;8 
266 
291 

263 

294 
300 
301 

232 
298 

249 
309 

3'5 

Breinton    

Evesham    

Henley-in-Arden  « . 
Northampton    .... 

Ghnrcbstoke 

Bnrbage     

Thnrcaston   

Uppingham 

Tean   

Beeston     

Hodsock     

Macclesfield 

Belton    

Harrogate 

Hatfield    ' 

Hertford    

Hitchin 

Ashwell 

Becking     • 

Lexden  

Spronghton  

Ellesmere 

Penmaenmawr .... 

Glaughton     

Giggleswick 

Ambleside     

Egremont 

Gronkbonme     .... 

Orry's  Dale  

G. 
Edgeworthstown  . . 

Westport  

LoQghbrickland   .. 

Saintfield 

Antrim  .  • 

Ballymena    

Londonderry     

BaUynagard  ...... 

Bamelton 

H. 

Dalshangan 

Tynron  ......•,  •, 

ThomhiU 

Jardington    

Helensbnrgh.... 

Doddington 

Thirsk   

Bast  Lay  ton     . . . . 
Durham    

'95 
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TABLB  ni.— Djltb  (Day  of  Y«ab)  oi  Fibst  FLOWBBiNa  of  Plamts,  iS^^^CmUmud. 


Station. 


S 


55  « 


H 


i 


I. 

LowFeU  .. 
Gambois  . . 
LilUesleaf  . . 

J. 
Aberdeen  .. 

K. 
I  Inverbroom 


n 


105 
96 

103 
106 


104. 

97 
96 


160 
138 


141 
139 
140 


163 
163 

|i73 


183 
171 
182 

178 

178 


182 
187 


243 
aoi 

207 


298 
272 
332 


197 


193 


The  dates  in  italics  have  not  been  taken  into  consideration  when  caloulating  the  means 
[given  in  Table lY.  (p.  123). 

Explanation  of  the  datei  in  the  Tables, 

I-  31  are  in  January.  182-2x2  are  in  July. 

32-  59    „      February.  ai3-H3    »»      August. 

60-  90    „      March.  H4-273     f»      September. 


91-120  „ 
I2I-15I  „ 

^- 

152-181  „ 

June. 

274-304 
305-334 
335-365 


October. 

November. 

December. 


Scotland.  Daring  September  and  October  the  record  of  sonshine  was  very 
variable,  but  November  throughont  the  British  Isles  proved  exceedingly 
bright. 

The  corn  crops  ripened  very  slowly  in  the  later  districts,  bat  the  finer 
weather  in  September  and  the  early  part  of  October  allowed  of  this  lingering 
harvest  being  at  last  brought  to  an  end,  at  all  events  in  all  but  the  colder 
parts  of  Scotland.  The  yield  of  both  straw  and  com  was  nnnsnally  laj^e, 
but,  as  stated  by  Sir  John  Lawes  at  the  time,  '*  the  crops  suffered  from  bad 
maturing  and  harvesting.**  The  turnips  and  other  roots  made  fair  growtii, 
and  in  many  places  there  was  an  excellent  second  crop  of  grass.  Indeed,  until 
the  end  of  the  season  the  abundance  of  keep  in  the  meadows  was  remarkable. 
Until  the  heavy  rains  set  in  at  the  end  of  October,  the  ploughing  of  the  land 
and  preparing  it  for  the  winter  crops  proceeded  without  interruption,  but 
after  that  time  wheat  sowing  was  rendered  in  many  places  impracticable, 
owing  to  the  saturated  condition  of  the  ground. 

The  yield  of  both  wheat  and  barley,  taking  the  country  as  a  whole,  was 
decidedly  above  the  average,  but  the  most  remarkable  cereal  crop  of  the  year 
was  oats,  which  yielded  the  heaviest  crop  since  official  statistics  were  first 
collected  in  1 884.  The  harvest  began  in  most  districts  from  about  a  fortnight 
to  nearly  a  month  later  than  in  1898,  but  at  earlier  dates  than  in  either  1891 
or  1892.  Taking  the  country  generally  the  crop  of  beans  and  peas  was  about 
an  average  one.  Early  potatoes  as  a  rule  yielded  badly  owing  to  the  May 
frosts ;  the  later  varieties  were  also  under  the  average,  and  in  many  places 
much  diseased.    Both  turnips  and  mangolds  were  unusually  good  crops. 


Digitized  by 


Google 
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TABLE  IV.— Mkan  Dates  (Day  of  Teas)  for  the  First  Plowbrimo  of  Plants  im  1894, 
AND  their  Variations  from  the  Aterage. 


Plants. 


Hazel 

Coltsfoot    

Wood  Anemone   

Blackthorn    

Garlic  Hedge  Mustard 

Horse  Chestnut    

Hawthorn     

White  Ox  Eye 

Dog  Bone  

Black  Knapweed 

Harebell     

Greater  Bindweed    . . . 
Ivy 


^3 
46 

78 

77 

94 

105 

III 

137 

*5i 

76 

190 

188 

268 


Mean  for  the  13  Plants 


Plants. 


Hazel     

Coltsfoot    

Wood  Anemone    

Blackthorn    

Garlic  Hedge  Mustard 

Horse  Chestnut   

Hawthorn     , 

White  Ox  Eye 

Dog  Bose 

Black  Knapweed 

Harebell    

Greater  Bindweed    . . . 
Ivy 


Mean  for  the  13  Plants 


Plants. 


Hazel     

Coltsfoot    

Wood  Anemone    

Blackthorn    

Garlic  Hedge  Mustard 

Horse  Chestnut   

Hawthorn      

White  Ox  Bye 

Dog  Bose  

Black  Knapweed  . .    . . 

Harebell    

Greater  Bindweed    . . 

i^y 


Mean  for  the  13  Plants  146  141 


s 


5 
B 

1^ 


g 


si 


0) 


A. 

Eng.  S.W. 


23 
44 
58 
91 
III 
iz6 

131 
139 
156 

175 
189 

^95 
263 


Ay 

+  2 
+20 
-14 
— I 
— 21 

— 20  I 


2  I 


+    I 
—  71 


+  5 


B. 

Ireland,  S. 


41 
64 
66 

7  lOI 


104 
12 
32 

'55 


85 
256 


126  131  —  5  119*  127* — 8* 
I 


21 
42 
56 
91 
III 
126 

13* 
139 
160 

179 
193 
199 
266 


E. 

Eng.  E. 


»7 
49 
80 

83 

lOI 

108 
III 
'38 
148 
165 
186 
192 
267 


36 
57 
7i 
95 
"5 
130 

'35 
"43 
'57 
176 
190 
196 
*73 


127  136  —  9 


9 

—  8 

+  9 

—  12 
—14 
— 22 
—241 

—  5 

—  9 
— II 

—  4 
-4194 


—  6 


290 


Eng.  N.E. 


42 
61 
93 
99 

107 

160 

'77 
208 
192 
201 
299 


37 

58 

72 

102 

122 

'37 
142 
150 
163 
182 
196 
202 
174 


82 
103 


—  3 
-'5 
— I 

—  7 
+'0'73 
+  14  178 
+26 

~  4 

—  I 

+»5 


+  5 


—  7 

—  1 
+  8 

— *5 
—10 
— 22 


'5 
36 
'54 
174 
179 
—14  194 
— 10  278 


—191 

—  71 

—  5 
+21 


P. 

Eng.  N.W. 


35 
66 

84 
90 
109 
113 
22 
141 
161 
185 
'93 


3» 

53 
67 
97 
117 
132 
'37 
'45 
161 
180 

'94 

200 

271 


137  137  Ay. 


I'' 

+'7 

—  7 

—  8 
—19 
-'5 

—  4 
Ay. 

+  5 

—  I 

—  6  207 
+19265 


J. 

Scotland,  E. 


38 

59 

73 

103 

"? 
138 

'43 
'5' 
166 
185 

'99 

20$ 
277 


+23 
+30 


'43 


+22 


s 
•as 


r 


^  > 


I 


0. 

Eng.  S. 


28 
53 
79 
86 
01 
III 


3' 
52 
66 

9' 
III 
126 
131 
'39 
'55 
'74 
188 

194 

270 


+  I 
+' 
-  5 


'30  '33  --  3 


—  10  104 


—  I 

—  I 

—  3 

—  I 
Av 


5' 


61 


Ay: 

+  8 


9192 


201 
279 


G. 

Ireland,  N. 


43 
63 
76 
89 

97 
113 

'23 
'5* 
'73 
210 
205 


29 

50 

64 

97 

117 

132 


+'3 

-|-I2 

-  8 


—19 


140  138  +  2 


43 

78 

93 

98 

'9 

126 

136 

7163 

o  .'  ^^73 
183  +27210 
'97  +  8  197 
203 
271 


'37  —14 
'45  + 
164  + 


t 


Scotland,  N. 


'3 

37 
106 


178 
'97 


293 


37 

58 

72 

no 

130 

'45 
150 
158 

'73 
192 
206 
212 
276 


— 21 
+34 


148 


+  5 


+'7 


Eng.  Mid. 


'3 
16 

'43 
158 
183 


'35  '36 


35 
56 
70 

93 
"3 
128 

«33 
141 
158 

^77 
191 

'97 
274 


—  3 
+  3 
+'2 

—  6 

—  9 
-'5 

—17 

Ay. 
+  6 
+  ' 
+  4 
+  5 


H. 

Scotland,  W. 


4193 
—  6249 


'44 


33 
54 

--10 

-'24 

68 

+25 

99 

—  I 

"9 

Ay. 

'34 

—  8 

'39 

—  3 

'47 

-.16 

164 

--  9 

'83 

-•27 

'97 

Ay. 

203 

—10 

273 

-24 

'39 


+  5 


British 
Isles. 


30 
58 
85 
86 
104 

"3 
120 

'47 
164 
190 
—  9192 


'95 
274 


'35 


3' 
53 
67 

95 
'15 
130 

'35 
'44 
162 

'79 
'94 
'99 
*7' 


137 


—  9 
II 

-'7 

11 

+" 

—  2 

—  4 
+  3 


•  For  12  Plants  only. 
+  indicates  the  number  of  days  later  than  the  ayerage  dat#. 
—        n  »  I.     earlier      „ 

At.     „  ayerage  date. 
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TABLE  V.~Dati  (Day  of  Tear)  of  Sono  akd  Miobation  of  Bibdb,  and  Fibst 
Appbabamob  of  Iksbcts,  1894. 


Station. 


MarazioD   . . 

Mawnan  Smith    

Falmouth 

Tiverton    

Westward  Ho    

Instow    

Barnstaple 

Sidcot     

Long  Aahton    

Clifton   

Penarth     , 

Cardiff    

Castleton  

Bassaleg    

St.  Aryan's 

St.  David's    

Aberystwith      

B. 

Killamey 

Ferns 

Woodenbridge 

O. 

Bembridge    

Whitohnrch  Canoniooram 

Bere  Begis,...    

Blandford 

Backhom  Weston    

Pennington   

Strath6eld  Targiss 

Bexhill-on-Sea 

Montham 

Dover     

Famboroagh. 

Swanley     

Chislehnret 

Coneyhnrst    

Chart  Vicarage    

Churt     

Cranleigh 

Winterfold    

Oxshott : 

Ashtead     

Addlestone    

East  Molesey    

Marlborough . , 

Whatley    

Beading     

D. 

Oxford   

Cheltenham 

Beckford    

Watford     

St.  Albans  (The  Orange)  . 
St.  Albans  (Add.  Lodge) . . . 
St.  Albans  (Worley  Boad)  . 


Song. 


If 


12 
21 

17 

39 
H 

H 


12 

I 

17 
33 
21 
32 
12 
28 


17 

31 
13 

38 
28 

33 

36 
10 
26 

44 

21 

>S 
12 


22 
22 


Migration. 


99 
112 

"3 

118 

82 

99 


93 


103 


I 


94  '  91 
106  I  98 
.'103 


95 
101 

"7 

94 

107 

97 


103 

96 

97 

99 

107 

108 


11 


1- 


Insects. 


103 


133 


126 


"4 


III    105 

104  105 

91    102 


94 
no 

79 
93 

104 
96 
98 

109 
95 

"3 

III 

•  • 
109 
101 

lOI 

9^ 

95 

97 

no 

94 
105 
112 

lOI 

97 


103 
105 
103 
102 


16 
I105 


f 

«7 

82 
90 

93 
101 

93 
90 

9» 


96 

no 

90 

107 

97 
107 
106 
103 
102 


102 
98 
91 
95 
96 

97 
93 
94 
99 
97 
99 
107 

lOI 

97 


98 

105 

97 


119 

107 
107 
100 
112    ic6 
98  I105 


130 
»33 


140 
129 
'35 


289 


287 


270 
284 
288 
278 
284 


I 

103 


.L. 


an 


196 


los 


103 

97 
ic8 
100 
102 
103 
106 

lOI 

III 


"5 


no 
105 

123 
121 

'47 


299 
293 
285 
306 
286 
299 


"7 
121 

124 

«a4 
122 


138 


144 
"39 
153 


278 
281 

303 


286 
276 
283 
298 
293 
289 


257 


^77 


28s 
293 


81 


1^ 
I: 


'35 
121 


80 


138  30' 


39 


98 
81 

82 

w 

93 

89 
«S 
9+ 

79 
65 


100 
87 

lOI 

87 

97 
85 


84 
101 

9> 

75 
4» 


84 
82 

87 

lOI 

9a 
124 

93 

9a 
90 


"4 


"5 

\152 

in 

II 

103 


118 

103 
107 
95 


178 
'73 


77 

90 

138 

127 

'»5 
136 


149 


'^5 
'H 
108 


119 

88  119 

84  133 
90  92 

83 

83 
91 
86 
90 
82 
84  |ii9 


103 


176 
169 

'>7 

178 

177 

'7« 

187 


94 
'74 
180 

'73 
148 


'79 
126 
140 


167 
165 


181 
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TABLB  v.— Datb  Pat  of  Tbab)  of  Bono  and  Miobatiom  of  Bibds,  and  Fzbst 
Appsabancb  of  Insects,  1894 — Continued. 


Station. 


D. 

Radlett 

Berkhamsted    . 
Harpenden    . . , 

R08B  

Breinton    

Evesham   

Henley-in-Aiden 
Northampton 
Charohstoke . 

Barbage 

Thnroaston   . 
Uppingham  . 
Tean  .. . 
Beeston  . 
Hodsook 
Macclesfield 
Belton    . . 
Harrogate 

E. 
Hatfield  . 
Hitohin  . . . 
Ashwell  . . . 
Bocking  . 
Lexden  . . . 
Sproughton  . . . 
Taoolneston  . . . 

F. 

Ellesmere 

Penmaenmawr . 

Claaghton 

Giggleswick  . . . 
Ambleside  . . . 
Egremont  .... 
Cronkboome 
Orry'sDale  ... 
Sulby 

O. 
Bdgeworthstown 

Westport   

LoQghbrickland 

Saintfield    . . . 

Antrim 

Bally  mena     . . 

Londonderi7 

Ballynagard  . . 

Bamelton  .... 

H. 
Dalshangan  .. 

Tynron 

Thornhill  .... 
Jardington  . . 
Helensburgh 

Doddington  .. 
Great  Cotes  . . 


Song. 


35 


35 

36 
40 
19 
35 


H 


21 

16 


36 
43 
«5 

36 

48 


41 
31 
36 

19 

I 


40 
51 

35 
21 


Migration. 


I 


II 


J 

2 

^1 


109 
97 
94 

103 

107 

107 

116 

>I3 

98 

102 
102 

lOI 

117 
105 
99 

114 
102 
III 

109 
no 
101 


1x2 
113 
108 
105 
105 


109 

105 

91 
106 

98 
105 
108 
104 
105 

98 

118 
113 
109 
103 
IBO 


97 
98 
98 
107 
98 

98 
98 

99 
99 

hi 

106 
106 
105 
105 
102 
105 

99 

lOI 

102 

93 
100 
102 

99 

100 

99 
112 

109 
105 
107 

138 
119 

108 
09 
no 
117 
107 
116 
119 
116 

lOI 

109 
109 
116 

107 
117 

98 


los 
106 


104 

109 

99 


"7 

119 
III 

102 
107 


107 
105 


"44 
141 

111 


141 

140 
130 


Is 


136 
no 


«34 
141 


140 


«33 


131 

117 


H3 
167 


140 


"35 


296 


286 
284 
269 


284 


280 
277 
281 
276 
321 
3H 


300 


283 
318 


285 
282 


264 
269 


283 


268 

272 


272 


263 


261 


Insects. 


75 


30 


87 
109 


9" 
80 
104 
91 
95 


100 

79 


7" 


82 


36 


"43 
109 
120 


lOI 


59 

87 

112 


85 

83 
90 

tl 

95 

90 

87 
82 

lOI 

100 


93 
"44 
121 

103 
152 
138 


«7 


118 
89 


108 


109 
108 
118 
108 
108 
117 


98 
III 

lOI 

118 


"33 
9» 


108 
III 
118 

"15 


18 
117 


109 


118 

120 

117 
109 
108 


182 
180 


182 


182 
150 


182 
178 


"94 
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TABLE  v.— Date  (Day  or  Ybar)  of  Sono  and  Migration  of  Birds,  and  First 
Appearancb  of  Insects,  1894— Continued. 


Station. 


Song, 


o  S 

3Q.fe 

Em 


Migration. 


6  s 


S.1 

g   « 

•^  IS 
00  2 


Is 

^    CO 

>»2 


3Q  S 


Insects. 


^1 


3m 


QQ 


1^ 


I. 

Thirsk    

East  Layton , 

Durham     ,,,... 

Low  Fell    

Cambois    , , , , 

Lilliesleaf 

J. 
Aberdeen    ,,..., , .  ^ 

Inverbroom 

35 
36 
45 


'5 


109 

"5 
123 

117 
118 


104 
III 
113 
120 
120 
119 

121 

119 


13^ 
141 


136 
130 
176 


Mean  Dates  for  the  British 
Isles  in  1894 


z6 

Jan. 

26 


105 


103 


106 

Q4M 


132 

eS  H 


Mean  Dates  for  189 1-3 


Feb. 
3 


-•I 


An 


287 
284 

26i 

279 

269 
270 


37 
83 
114 
100 
106 
121 

142 
87 


87 

«5 

no 

83 


144 


150 


17a 


285 

as 


55 

it 


88 


^ 


92 

I" 


118 


^d 


164 


i: 


1^ 


^>' 


s 


§" 


The  dates  in 'italics  have  not  been  tak^n  into  consideration  when  calcQlating  the 
means  for  the  British  Isles. 

The  apple  blossom  saffered  so  greatly  during  the  frosts  of  May  that  the 
crop  of  fruit  was  almost  everywhere  a  failure.  The  yield  of  plums  was 
also  small,  except  in  the  south-western,  southern,  and  eastern  counties  of 
England,  where  it  was  about  average.  The  pear  crop  proved  a  remarkably 
heavy  one  in  most  parts  of  Eugland,  but  this  was  far  from  being  the  case  in 
Scotland  or  Lreland,  Mr.  G.  Bunyard,  of  Maidstone,  a  well  known  authority 
on  fruit  culture,  attributes  the  enormous  crop  of  pears  in  England  to  the 
following  causes,  viz. :  The  small  yield  in  1898,  the  heavy  rains  of  the 
previous  autumn,  and  the  well  ripened  wood.  He  accounts  for  the  crop 
escaping  destruction  by  the  May  frosts  to  the  early  flowering  of  the  trees 
and  the  pendent  character  of  the  blossoms. 

The  autumn  tints  were  generally  poor,  owing  to  the  sunless  character  of 
October.  Wild  berries  of  all  kinds  were  exceptionally  abundant,  especially 
holly  berries. 

The  dates  for  the  ivy  are  very  variable,  but  in  most  districts  later  than 
the  average. 

In  certain  localities  the  sWallow  was  very  late  in  taking  its  departure,  but, 
taking  the  country  as  a  whole,  this  comes  out  only  three  days  later  than  in 
1898. 

The  Year, 

Between  the  third  week  in  March  and  the  third  week  in  May  plants  came 
IM  a  rule  into  blossom  in  advance  of  their  usual  time,  an4  towards  the  end  of 
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TABLE  Vin. 

ApPBOZIIIATB  VaBIATIONB  from  THB  ATBRAOB  IN  MbAN  TBMPBBATaRB,  RilirfALL,  AND 

SUNBHIKB,   1893-94. 

Winter  1893-94. 
Temperature. 


Months. 

Eng. 
8W. 

Ire. 

8. 

Bug. 
8. 

Eng. 
Mid. 

Eng. 
E. 

Eng. 
NW. 

1 

+3-3 

00 

+1-3 

Ire. 

N. 

1*0 

+1-3 

Scot. 
W. 

^.^; 

Scot. 
E. 

Soot 
N. 

+3-5 
— 0-4 
— o'3 

December  .... 
January     .... 
February   .... 

Winter  ... 

Hi 

+  I-0 

+  1-5 

+.-0 

-0-4 
+rc 

+30  +2-0 
— 2'0  —0-4 

+0-8  +08 

+4-0 

1+13 

— 0-6 

+0-3 

0 
+4-0 
—0-4 
+0-3 

+08 

4-0-8 

+o'8 

+06 

+0-8 

+I-S 

-H>-9,  f  1-8 

+10 

+"•3 

+0-9 

Bain. 

December  .... 
January     .... 
February    .... 

in. 

+0-5 

+0-J 

in. 
-fro 

— O'l 

1 

in. 

-|-0'2 
4-0*2 

in. 
+0-3 
— 0-6 
+05 

in. 

— o;5 

— o's 

in.      in. 

+05  +07 
4-o"i'  4-19 
+1-9  +1-9 

in.      in. 
+1-3  -0-8 
+0*6  — o'4 

+4-1   +1-2 

io. 

— O'l 

in. 
+27 

+2*4 

+40 

Winter  .... 

+07+2-4J+0-3 

+0-. 

—'•3 

+2-5 +4-5 

+6'o      O'O 

+37 

+91 

Sunshine. 

December  .... 
January     .... 
February  

hr.. 

u 

+11 

hrs. 
0 

+  5 

hrs. 

4-12 

-.23 

+*7 

hrs. 

+24 

hrs. 
+36 

hrs. 

—  5 
+18 

—  I 

hrs. 
--  5 

--  4 
--  4 

hrs. 

—  7 
+  5 

—  3 

hrs. 
—  I 

+" 
+20 

hrs. 
— 10 
—  9 

+28 

hrs. 

—17 

—  2 

—  6 

Winter  .... 

+36 

+  7 

4-62 

+45 

+67 

+12; +13 

-  5 

+3o|+9 

—25 

Spring  1894. 
Temperature. 

March    

r  :::::::: 

0 

+  2-0 

--3-3 
—1-6 

0 

--2-0 

0  1      0  1       0 
--2-3' 4-33  +2-3 

+3-0,  +3'5  +30 

—  2'0   — 2'6   — 2*8 

+3-0 

f3-5 
—2-4 

+2?3 
+2-5 

— 2-2 
+0'9 

0 
"2-5 

+2*5 

— 24 

+2-8 
+3-8 

—2-2 

Spring    

+  IZ 

+0-9 

+1-8 

+0-9' 

1 

+rir+i-4!+o-8+i-4 

+o'9 

+1-5 

Rain. 

March    

April 

May    

in.  1    in. 
-0-3  -.0-4 
-CI  +1-8 
+04^  -I-0-2 

in. 

-07 

O'O, 

+o-i| 

in. 

-0-5 

o-o 

— 0-4 

in. 
—0-6 

-fo-2 
--05 

in. 

O'O 

— 0-2 

+o-«i 

in.      in. 

— 0-2    — 0-2 

-)-o'6  — 0-6 
-I-0-2  4.0-3J 

in.      in. 

— 0-9  — 06 
—0-7'  —0-7! 
+ro  +10, 

m. 

+  I'0 

—1-9 
+03 

— 06 

Spring    .... 

o-o'+i-6 

1          1 

-0-6 

— o'9 

+o-i'+o-6|+o-6  — 0-5'  -0-6'— 0-3' 

11                     >           1           1 

Sunshine. 

March    

April 

May    

hrs. 

--18 
—  9 

hn. 

+  41 

—  2+ 

-  H 

hrs. 
—  21 

hrs. 

-■  59 
--  19 

—  »3 

hrs. 
-  33 

hrs' 
+  68 

hrs. 

+  64 

—  21 

—  II 

hrs. 

+  64 

—  16 

—  6 

hrs. 

+  78 
.-  16 
—    8 

hrs. 
+  72 
—  13 

+  .4; 

hrs. 

+  39 
.-  19 

+  45 
+103 

Spring    

+66 

+    3 

+  +5 

+  55 

+  64 

+     32 

+  42 

+  86 

+  73! 

+ 

indiea 

tesab 

OTeth 

eayer 

■««.- 

-beloi 

rit. 
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Months. 


June  .. 
July  .. 
August 


June  .. 
July  .. 
August 


Summer 


June  .. 
July  .. 
August 


Summer 


September 
October . . . 
Noveniiber . 


Autumn 


September 
October  . . . 
November  . 


Autumn 


September. 
October  . . « 
November . 


TABLE  Vm. 

Vabiations  from  the  AYEUkQB^Continued. 

Summer  1894. 

Temperature. 


Eng. 
SW. 


Ire. 


Eng. 
S. 


-o-S 

.o-8j  — 0-5  — 0-3  — 0-3 

-i*o; — 1-2' — 0-8  — 1'2 


Eng. '  Eng. 
Mid.!    E. 


5  — o'5  — 0-8 
— o"3 
—  1-4 


Simimer    ..  — 0*9 — o*6 — 0*5 


— 0-8 


Eng.    Ire. 

NW.     N. 


— I'o'  — o'8 
4-0-5'  +0-3 

—1-2  — 0-8 


Scot. 


Eng. 

NE. 


Scot.  Scot. 

E..|    N. 


+0-S'  4-10 
— o-8| 1*2 


o   I         o 
— i-o  — i'o|4-0"3 


— 0-4 


+0-8  4-2-3 
— 0'6'  4-o'4 

—o-y+i'o 


Bain. 


m.  [ 

— O'l, 


in. 


m. 

O'O 


+0-2  +0-1  +0-4 


+1-3 


+  I-I+Z-2 


in.      in. 
-0-3  +0-4 
CO  +o*6 

-0-3'  — 0-3 

in.  1    in. 
O'O       o-o 
— o-i  407 
-J-O'6  — I'O 

-0-6+07 

4-o'5J  -0-3 

in.  I    m. 

+OI,+I'l 

— o'6      O'O 
— 0-4  — 0-3 


9'4-o-8 


— 0-2, — 0*6 

+0-9I  +  .-S 
+i-i;+io 


+'•8; +".9 


Sunshine. 


t 


hrs. 

1  —  37 
—  »7 


hrs. 
— 21 

—17 


—  53  —75 


111 11 

— 117U 113 


hrs.  I  hrs. 

—16  '—17 
— II  I  o 
-50  |— 50 


—77   —67 


hrs. 

hrs. 

hrs. 

hrs. 

hrs. 

hrs. 

—37 
— H 
-30 

—  9  .—16 

4-5  4-7 

—53   —^7 

-18 

4-7 

-15 

—17 
4-30 
-26 

—22 

-81 

-57 

-36 

—26 

—13 

-47 

hrs. 

4-22 


+57 


Autumn  1894. 
Temperature. 


'4-i-2l+r 
4-i'8+o- 


2*0 
O 

8 


4-0-5— o.i 


—  2'0 
4.1-8 

+  2-8 


— 2-3  — 2-sl--r 

+  I'2|+I'4  4-0' 

+2-51+2-3  +3'( 


;+o'9'+o-S  +0-4  +0-6  +o-4;+o-s 


— 1'3 
+1.0 

4-1-5 


— 1-8 
— o'4 

4-3-8 


—1-8 

O'O 

+Z-5 


+0*2 


—1-3 

--o'6 
+2-8 


4-0-3 


— o'8 

00 

4-3-8 


+  I-0 


Bain. 


m. 
—1-4 
+1.0 
+2-3 


4-1-9 


—2-3 
1-6 


t 


+o'3 


in. 
— 0-3 


4-2-1 


in. 
— I'l 
+o'3 
4-0-7 


in. 

— 0-4 

— 0'2 

4-0-5 


— O'l 


in. 
— »-9 
4-0-5 
— 0-7 


—3-1 


I 


m. 

-3'oj 

+0'2 

-0-6 


in 
— 4'o 
— o*6 
+0-3 


-3*4— 4'3 


in. 
—1-3 
-I-I-3 
—I -41 


m. 

— 2*2 

— o-i 


m. 

-3-9 
— 2-8 


-»-4— 3*9 


1*6  +o*i 
6 


Sunshine. 


Autumn... 


hrs. 
+10 
— 10 


+12 


hrs. 
+»7 
—  S 
+»4 


hrs.  j  hrs. 
—30  — H 
—41  I  —34 
+31  I +16 


+36   -40 '-32 


hrs. 
—23 
—33 
+18 


hrs. 
4-23 

ti 


38+30 


hrs.    hrs.  |  hrs. 

-J-37   4-34  4-  5 
+,2—14  —30 

4-13  4-  7  4-10 


+62  I +27   -15 


hrs. 

4-7 


4-31 


hrs. 
—22 

-15 
o 


—37 


The  aboye  Table  has  been  compiled  from  the  variations  from  the  mean  given  in  the 
Weikly  Wtothsr  Ri^rts  issued  by  the  Meteorological  Odice. 
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April  the  dates  of  first  flowering  differed  but  little  from  those  recorded  at  the 
same  period  in  the  remarkably  forward  spring  of  1893.  The  cuckoo  made  its 
appearance  exceptionally  early,  even  earlier  than  in  the  previous  year — in 
many  places  from  a  week  to  a  fortnight  earlier.  The  year  1894  was  a  very 
productive  one.     Both  the  hay  and  com  crops  proved  unusually  heavy,  but 


Day 
of 
Yesr. 

A. 
£ng 

s.w. 

B. 

/re 

S. 

c. 

Eng. 
S. 

D. 

Mid. 

E. 
E. 

F. 
£ng. 
N.W. 

G. 
Ire. 
H. 

H. 

ScQL 

W. 

£ng. 
N.£. 

J. 

ScoL 

E. 

K. 

Scot. 

N. 

10 

HA2 

^EL 

20 

■ 

^ 

30 

m^- 

V 

-^*^, 

,-•-> 

^ 

40 

-^C. 

r^ 

'"*-- 

-^,^_ 

-* 

50 

-^ 

1 

40 

COLTSFOOT 

f 

50 

t^ 

/ 

60 

■^*ii; 

.:-x- 

^-'V 

-'■*■- 

--^- 

-..*. 

,_^_. 

L 

70 

>,— 

— -v^^ 

A 

/ 

f 

80 

s/ 

sy 

90 

^ 

1 

60 

-- ^, 

WOOD    ANEMONE 

70 

^ 

/N, 

^-'*._ 

*-•  • 

— -^.. 

— ••s.^ 

80 

s^ 

.__^. 

^^. 

'*"• 

-'-•-- 

90 

^-*^ 

N 

S 

100 

— ^ 

110 

"''^— 

«^ 

1 

70 

y^ 

BLACKTHORN 

60 

^ 

'^N 

S^ 

100 

-^ 

^ 

"^ 

^^*- 

-— • 

110 

■»^.. 

—  "^-H 

^, 

1 

GARLIC   HEDGE  MUSTARD 

100 

^N 

-*V 

no 

^ 
= 

^-*^ 

'N 

^ 

(80 

■—-  - 

— -. 

.... 

..— .. 

V^ 

130 

■■*--, 

no 

^    horsl.j:hestnut 

1 

120 

^^ 

"**— 

130 

».. 

..-..  -. 

•  ••»■. 

\,-- 

^- 

140 

.- ^-. 

■•"•--- 

•  -i^-. 

■-♦..< 

-•-♦. 

150 

--- 

1694 


Avera^.. 


Fio.  2.— Mean  Dates  (Day  of  Year)  of  Flowering  of  the  Plants 'in  1894,  and  also 
the  Average  Dates. 

much  of  the  latter  was  harvested  under  very  trying  conditions  as  regards 
weather.  The  frosts  of  May  21st  and  22nd  entirely  destroyed  the  previous 
prospect  of  a  glorious  fruit  season.  Indeed,  the  only  really  good  crop  was 
that  of  pears,  which  throughout  nearly  the  whole  of  England  were  very 
abundant.  > 

Observers^  Notes. 
December  1893.— AfaM?rt«n  Smith  (A.)-    2nd.    Dahlias  killed.    29th.    First 
}xazel  catkins  out  in  sheltered  valley.    Falmouth  (A.)-    During  this  month  48 
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different  sorts  of  wild  flowers  were  gathered  within  a  radius  of  5  miles.  Tiver^ 
ton  (A.)«  22nd.  Violets  and  a  hepatica  in  flower  in  garden.  Baasakg  (A-)< 
I  never  remember  fruit  trees  with  such  well  ripened  wood  or  having  a  better 
promise  of  bearing  in  the  succeeding  year.  Blandford  (C).  18th.  Black 
guillemot  were  picked  up  near  here  in  an  exhausted  state  after  the  blizzard  of 
the  previous  day.     Pennington  (0.).     30th.     Winter  aconite  in  flower.     Burbave 


1H94 


Fio.  S.—Mean  Dates  (Days  of  Year)  of  Flowering  of  the  Plants  in  1894,  also  the 
Average  Bates. 

(D.).  Holly  berries  comparatively  scarce.  Loughhrickland  (0.).  All  the 
hollies  in  this  district  shed  their  leaves  at  the  end  of  November.  This  I  attribute 
to  the  previous  dry  summer.  Saintfield  (Q,).  15th.  Gorse  in  flower  as  if  it 
were  March. 

Januaby  1894. — Maionan  Smith  (A.)-  26th.  Wild  primrose  in  blossom. 
Falmouth  (A.).  5th.  Camellias  in  bloom  in  the  open  air.  Sidcot  (A.). 
During  the  first  week  flowers  came  out  in  quick  succession.  Aberystwith  (A.). 
29th.  Frog  spawn  first  seen.  Bembridge  (C).  2nd-4th.  Piercing  North-east 
winds  which  penetrated  houses  and  stores  which  had  never  been  reached  by 
frost  before,  and  destroyed  seed  potatoes  and  dahlia  roots.     Addlestone  (0.)- 


Digitized  by 


Google 


182        MAWLET — ^BEPOBT  ON  THE  PHENOLOQIOAL  OBSEBYATIONS  FOB  1894. 

28th.  Winter  aconite  in  flower.  Berkhamsted  CD,),  17th.  Winter  aconite  in 
flower,  earliest  since  1890.  Evesham  (D.).  24th.  Hazel  catkins  out.  Burbage 
(D.)-  18th.  Winter  aconite  in  flower.  Tean  (D,).  Primroses  found  in  flower, 
a  very  uncommon  thing  here  in  January.  Hazel  catkins  exceptionally  fine. 
Hodsock  (D.).  13th.  Winter  aconite  in  flower.  Harrogate  (D.).  6th.  The 
exposed  thermometer  fell  to  — 8°-7.  Berberis  Darwinii,  Aucuba  Japonica,  and 
Ulex  Europaeus  were  killed  outright.  Hitchin  (E.)-  2nd.  Hazel  catkins  out. 
Tacolneston  (E.).  19th.  Hazel  catkins  very  abundant.  Antrim  (0,).  6th. 
Evergreens  suffered  greatly  from  severe  frost,  Portuguese  laurels  became  entirely 
brown.  Dalshangan  (H).  1st.  Winter  aconite  in  flower.  LilUesleaf  (I.). 
5th.  Winter  aconite  in  flower.  Aberdeen  (J,).  6th.  The  severest  frost  since 
881.  Shrubs  suffered  severely,  but  not  low  growing  vegetation,  which  was 
overed  with  4  ins.  of  snow. 

February. — Barnstaple  (A.).  28th.  Vegetation  singularly  forward,  the 
average  number  of  species  of  wild  flowers  recorded  by  me  for  the  previous  20  years 
is  16  for  the  end  of  February;  in  1893,  27  were  recorded;  and  in  1894,  85. 
Bemhridge  (C).  2l8t.  Picked  a  dish  of  mushrooms  from  a  bank  out  of  doors. 
Whitchurch  Canonicorvm  (C).  14th.  In  the  village  children's  wild  flower  class 
80  different  species  of  wild  flowers  were  registered.  Penmngtwi  (0.).  Winter 
migrants  very  scarce.  Burbage  (D.).  22nd.  Books  began  building. 
Harrogate  (D.).  25th.  Frog  spawn  first  seen.  Tynrofi  (H.).  23rd.  Curlew 
first  seen.  Durham  (I).  Woodcock  and  snipe  very  scarce,  especially  the 
former. 

March. — Aberyntwith  (A.).  26th.  About  26  wild  flowers  out,  only  half  that 
number  in  1893.  Bembridge  (C ).  31st.  Cut  asparagus  out  of  doors.  Vegetation 
very  forward.  Pennifigton  (C.).  Queen  wasps  plentiful.  Whitchurch  (0.). 
21st.  Queen  wasps  found  together  in  a  crevice  of  garden  wall  coping.  Tean 
(D.).  10th.  Primroses  as  abundant  as  they  are  usually  at  the  beginning  of 
April.  Hitchin  (E.).  Queen  wasps  last  winter  hibernated  together  in  great 
numbers,  as  many  as  filled  an  old  teapot  were  found  under  a  tarpaulin  on  an 
outhouse  roof. 

April. — Tiverton  (A.).  20th.  Hawthorn  out  on  five  different  bushes 
(specimens  received).  Westward  Ho  (A-).  Queen  wasps  numerous.  St. 
Arvans  (A.).  11th.  HaUstones  as  large  as  nuts,  which  cut  off  fruit  and  slit  rose  and 
other  leaves.  Killarney  (Q^)'  26th.  Corncrake  first  heard.  fVoodenbridge  (B,), 
17th.  Corncrake  first  heard.  ,  Bembridge  (C.).  18th.  Gloire  de-Dijon  rose 
in  flower  on  wall  of  house.  Pennington  (Q,),  26th-  Swift  first  seen.  Strathjield 
Turgiss  (0.).  22nd.  '  Hawthorn  extraordinarily  full  of  blossom,  and  trees 
perfectly  white.  Churt  (C).  Took  between  70  and  80  wasps  early  in  the 
month.  Ladybirds  abundant.  Berkhamsted  (D.).  2nd.  Wild  cnerry  in 
flower.  Burbage  (D.).  80th.  Landrail  first  heard.  Beeston  (D.).  28th. 
Corncrake  first  heard.  Lexden  (E.)-  29th.  Swift  first  seen.  Settle  (F.). 
The  collector  of  plovers*  egg:s  for  market  said  he  had  never  known  them  so 
early.  Sulby  (P.).  27th.  Corncrake  first  heard.  Edgeworthstown  (0.).  18th. 
Corncrake  first  heard.  Loughbrickland  (Q,).  23rd.  Corncrake  first  heard. 
Thirsk  (I.).  18th.  Apricots  as  large  as  cherries.  East  Layton  (L).  22nd. 
Never  recollect  seeing  blackthorn  so  laden  with  blossom.  Jnverbroom  (K.). 
16th.     Pear  blossom  over  and  fruit  set. 

May. — Maicnan  Smith  (A.).  A  great  many  queen  wasps  this  spring. 
Hawthorn  remarkably  full  of  blossom.  17th.  Swift  first  seen.  Barnstaple  ( A. ). 
The  past  12  years'  average  for  the  number  of  wild  flowers  observed  by  me  in 
blossom  at  the  end  of  May  is  170.  Number  observed  in  1893 — ^240,  in  1894 — 227. 
Long  Ash  ton  (A).  More  cuckoos  and  swallows  than  I  remember  here  for  18 
years.  Penarth  (A.).  2l8t.  Frost  blackened  many  potatoes  about  Penarth  and 
Cardiff.  Spring  butterflies  scarce.  Bassaleg  (A.).  The  frost  of  21st  and 
continuous  East  wind  and  cold  nights  have  injured  strawberries  and  apples 
more  than  I  ever  remember  before.  St.  Arvans  (A.).  81st.  Hawthorn 
blossom  especially  abundant,  every  bush  and  hedge  being  as  white  as  snow. 
Killamey  (B.).  20th.22nd.  The  severest  frost  since  May  1864.  Even  briar, 
ivy  and  ash  shoots  much  injured.  Woodenbridge  (B.).  Frosts  on  21st,  22nd 
and  28rd,  which  blackened  potatoes,  beans,  &c.,  and  caused  gooseberries  to 
fall  from  the  trees.  Bembridge  (C).  20th  and  2l8t.  No  injuries  byi  frost  here 
although  exposed  to  the  north-east.    Buckhoim  WesUm  {Q,).    20th.     Shaip  frost, 
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which  oat  baok  potatoes,  damaged  fruit  blossom,  and  catised  gooseberries  to 
drop  ofif.     Twyford  (C).    Although  on  high  ground,  the  frost  of  20th  destroyed 
at  least  10,000  young  rose  blooms  and  200  newly  planted  dahlias.     Strathfield 
Turgiss  (C).    A  very   forward  spring  up  to  the  2l8t,  when  a  very  keen  frost 
literally  out  everything  to  pieces — laurels,  ash  trees  and  horsechestnuts  suffered 
severely.    Cuckoos  very  abundant,  nightingales  comparatively  scarce.    Fam- 
horough  (C),    The  frost  of  the  19th  cut  off  buds  of  the  dog  rose  ready  to  open 
and  almost  entirely  destroyed  strawberry  crop.      ChisUhurst  (C).    All  flowering 
shrubs  exceedingly  full  of  blossom,    especially   hawthorn.      Coneyhurat  (0.). 
Hawthorn  more  thickly  flowered  than  for  some  years.     Chart    Vicarage  (C). 
A  very  great  number  of  queen  wasps  till  after  frost  in  third   week.    The  frosts 
of  20th  and  21st,  and  the  succeeding  cold  weather,  have  done  more  harm  than  I 
ever  remember.    The  young  foliage  and  shoots  of  trees  and  hedges  are  blackened 
as  if  by  fire.     Churt  (C.).    Chestnut  growths  of  underwood  especially  presented 
a   black  and  scorched  appearance  affcerj  frosts  of  20th  and  21st.    Butterflies 
scarce.     Crardeigh  (C  ).    The  frost  of  2l8t,  followed  by  a  bright  sun  in  the  early 
morning,  did  much  damage,  especially  among  the  potatoes.     Winter/old  (G ). 
The  frosts  of  20th  and  21st,  with  hail  and  snow  on  both  days,  injured  underwood 
and  fruit  blossoms,  and  cut  bracken  to  the  ground.     OxskoU  (C).    The  frost  did 
not  do  much  harm  here,  but  was   severe  in  the  low  ground  in  the  neigh- 
bourhood.   Marlborough  (C).    Frosts  of  the  20th  and  21st  cut  back  vegetation 
severely.     Oxford  (J).),    The  blossom  on  chestnut,  lilac,  laburnum  and  lime  par- 
ticularly fine.  Beckford  (D-)-  Potatoes  and  kidney  beans  practically  killed  by  frost 
of  21st,  while  fruit  trees  and  strawberries  suifered  severely.    The  damage  sus- 
tained was  all  on  the  low  lying  lands,  on  the  high  ground  over  100  ft.  above 
the  brook  there  was  no  frost.     St.  Albans  {The  Grange)  (D.)-    22nd.     Sharp 
ground  frost,  which  did  much  damage  to  fruit  blossom  and  vegetation  generally. 
Radlett  CD,),    13th.     First  swarm  of  bees.    Harpenden  CD,),    The  frosts  at  end 
of  third  week  almost  entirely  destroyed  apple  blossom.     Gooseberry  bushes 
almost  bared  of  their  fruit.     Potatoes  so  injured  that  they  never  recovered,  and 
yieldedminute  tubers  only.    i?ow  (D.).    14th.     Corncrake  first  heard.    Breinton 
(D.).    Frosts  of  19th,  20th,  and  21st  cut  oaks,  ashes,  nettles,  &c.     Burbage  (D.). 
Hawthorn  blossom  very  plentiful.     Thurcaston  (D.).    Enormous  show  of  bloom 
of  all  kinds.    The  frosts  have  not  done  much  harm  here.     Tean  (D.).     24th. 
Young  oak  and  ash  leaves  blackened,  and  potatoes  killed  by  the  frost.     Hodsoch 
(D.).      2lBt.      Potatoes    blackened,  strawberry  blossom  destroyed,  and  young 
shoots  of  ivy,  oaks,  and  ash  touched.     Macclesfield  (D.).     1st.     Sycamores  and 
hawthorn  in  full  leaf  and  bloom.     Fruit  blossom  very  abundant.     Blossom  on 
fruit  trees  and  strawberries  destroyed  by  frost  towards  the  end  of  the  month. 
Laburnums  nearly  stripped  of  bloom,  ash  bloom  and  leaves  all  killed,  young 
shoots  of  sycamore,  alder,  poplar,  and  hawthorn  also  killed.     Belton  (D.).    20th 
and  21  St.    Everything  being  wet,  great  damage  was  done  by  the  frost.      Some 
oaks  completely  blackened,  others  partially  so,  according  to  position.    Ash  trees 
blackened  and  appear  as  if  dead.     Hitchin  (E.).    20th  and  21st.     Potatoes  and 
beans  cut  off  by  frost.    Oak,  ash,  elms,  beech,  maple,  elder,  plums,  gooseberries, 
currants,  strawberries,  thistles,  plantains,  and  ivy  frostbitten.     Ashwell  (£.). 
10th.     Swift  first  seen.     21st  and  22nd.     Sharp  frosts  :  geraniums,  dahlias,  &c. 
cut  down.     Sproughion  (E.).    2l3t.     The  disastrous  frost  experienced  in  many 
parts  of  the  country  was  here  modified  by  a  slight  snow  shower  between  4  and 
6  a.m.,  which  probably  was  of  great  service  to  vegetation.      Tacolneston  (E.). 
21st.    Potatoes  killed  to  the  ground  in  exposed  places  by  frost.     Bllesmere  (F.). 
20th.    Young  shoots  of  oak,  ash,  ivy,  hawthorn,  &c.  killed  bv  frost.    Penmaen- 
mawr  (F.)-     Fruit  blossom  not  quite  as  abundant  as  in  1893,  but  hawthorn  very 
full  of  bloom.     25th.     Much  damage  done  to  young  potatoes  by  frost.     Claugh- 
ton  (F.)-    20th,  21st,  and  22nd.     Potatoes  and  dahlias  cut  by  frost.     Giggleswick 
(F.)*    21st  and  22nd.     Great  damage  to  trees,  potatoes,  &c.  by  frost.    An  ash 
tree  just  showing  leaves  on  May  1st  was  scarcely  in  full  leaf  by  June  1st. 
Ambleside  (F.).     20th-22nd.    Young  growths  on  beech,  oak,  and  spruce,  which 
were  very  forward,  destroyed  by  frost.     Egremont  (F.).     20th  and  2l8t.     Great 
damage  done  to  potatoes  and  vegetation  in  general  by  frost.     Loughbrickland 
(Q.).    20th  and  21st.     Potatoes  cut  to  the  ground,  and  the  new  growths  of  oak, 
ash,  sycamore,  silver  fir,  box,  and  bay  laurel  killed  by  frost.      Antrim  (G.). 
20th  and  21st.    Potatoes  cut  to  the  ground  by  frost  and  young  shoots  of  the  ivy. 
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ash,  beech,  &c.  appeared  afterwards  as  if  scorched  by  fire.  Ballymena  (Q.). 
10th.  Corncrake  first  heard.  12th.  Swift  first  seen.  Hazelhank  (G.).  A 
roecial  feature  of  the  season  was  the  profusion  of  blossom  on  the  haw^thom. 
Tynron  (H).  20th  and  21st.  Potatoes  withered  to  the  ground  by  frost.  Ash, 
oak,  and  young  larch  trees  also  suffered.  Gooseberries  dropped  a  considerable 
portion  of  their  firuit.  Janlington  (B,"^.  21st-24th.  Potatoes  cut  down  by  firost, 
gooseberry  firuit  dropped  off  the  bushes,  and  all  young  leaves  on  beeches  and 
other  trees  were  frozen.  Thirsk  (I,).  20th.  Only  potatoes  in  sheltered  gardens 
escaped  injury  firom  firost.  Plums,  currants  and  gooseberries  also  suffered 
severely.  East  Layton  (I,).  20th.  Ground  covered  with  snow  and  4°  of  frost. 
Durham  (I,).  12th.  Swift  first  seen.  20th-25th.  Frost  cut  off  about  every- 
thing that  could  be  injured.  Great  damage  to  potatoes  and  firuit  blossom. 
Low  Fell  (I.).  8th.  Corncrake  first  heard.  10th.  Swift  first  seen.  Camhois 
(I,).  19th-2drd.  Potato  tops  frozen  off.  The  young  fi-uit  and  blossoms  perished. 
Foliage  of  beech,  sycamore,  chestnut,  and  oak  appeared  afterwards  as  if  burnt. 
Lilliesleaf  (l,).  2()th.  Showers  of  hail.  Potatoes  blackened  by  frost.  Aber- 
deen (J.).  20th.  Frost  injured  fruit  blossom,  also  turnips  in  the  fields  where 
they  were  through  the  ground.  Inverbroom  (K.).  20th.  Wasps  very  plentiful 
till  after  this  frost,  when  there  were  none  left. 

June — Tiverton  (A.).  3rd.  Wild  strawberry  ripe.  Bassaleg  (A.).  9th.  Have 
never  before  seen  apple  and  pear  trees  so  badly  affected  with  blight.  Strathfield 
Turgiss  (C).  Butterflies  very  scarce.  4th.  Dog  rose  unusually  full  of  blossom. 
Chislehurst  (C.).  All  butterflies  very  scarce  this  year.  Watford  (D.).  Fruit 
trees  much  blighted.  Dog  rose  blossom  very  abundant.  Berkhamsted  (D.). 
30th.  Koses  greatly  infested  with  greenfly  this  year.  Tean  (D.).  17th.  Ash 
trees  still  thin,  mostly  only  half  out.  Hodsock  (D.).  A  great  deal  of  greenfly 
on  roses.  Inverbroom  (K.).  Swallows  nested  here  and  brought  out  yoimg  for 
the  first  time  in  my  experience.  Flycatchers  very  rarely  come  here,  but  several 
pairs  nested  this  year,  and  the  same  may  be  said  of  whitethroats.  28th.  Oats  in 
ear.     30th.     Raspberries  ripe. 

July. — Killamey  (B.).  Currajit  trees  almost  fruitless  this  year.  Bembridge 
(C).  20th,  Potato  disease  first  observed,  and  very  bad  throughout  the  Island. 
Chislehurst  (C).  No  swarms  of  bees  this  summer,  and  very  little  honey. 
Beeston  (D).  6th.  Privet  and  laurel  in  great  bloom.  31st.  Mushrooms  in 
great  abundance.  Macclesfield  (D.)*  24th.  An  Easterly  gale  did  much  damage 
to  foliage  of  trees,  and  some  maize  plants  in  my  garden  were  killed. 

August. — Marazion  (A.).  Butterflies  have  been  very  scarce,  especially  white 
varieties.  25th.  Swift  last  seen.  Mawnan  Smith  (A).  Weeds  and  slugs 
unusually  numerous  this  summer.  Long  Ashton  (A  ).  Very  few  butterflies  this 
year.  Killarney  (B.).  Almost  a  total  absence  of  wasps  and  mushrooms. 
fVoodenbridge  (B.).  Swifts  left.  Bembridge  (C).  14th.  Clouded  yellow 
butterfly  seen,  rather  scarce  this  year.  Buckhorn  fVeston  (C).  The  bee  orchis, 
previously  plentiful,  has  entirely  disappeared  from  its  usual  habitat,  also  frog 
orchis,  while  the  butterfly  and  palmate  orchis  have  been  very  scarce. 
Pennington  (C).  25th.  Swift  last  seen.  Strathfield  Turgiss  (C).  Swifts 
congregating  in  hundreds.  6tli  Swifts  all  gone.  Chmt  (C).  Wasps  scarce. 
The  crop  of  hazel  nuts  the  finest  I  have  ever  seen.  East  Molesey  (C).  Wasps 
very  scarce.  Cheltenham  (D.)-  Wasps  comparatively  few  and  small  in  size. 
Remarkably  few  butterflies  and  moths.  Earwigs  very  abundant.  Watford  (,D.)« 
Butterflies  very  scarce.  Evesham  (D.)'  Remarkable  scarcity  of  butterflies  this 
year.  Jardington  (H.).  Great  scarcity  of  wasps  this  summer.  Lilliesleaf  (I.). 
27th.  A  plague  of  flying  ants:  steps  and  windowsills  were  literally  covered  with 
them,  also  one's  clothes.     The  following  day  they  seemed  to  have  disappeared. 

Septebibee. — Sidcot  (A.).  Blackberries  abundant,  but  without  flavour.  Long 
Ashton  (A.).  A  great  quantity  of  holl^',  hawthorn,  and  rose  berries.  St,  David's 
(A.).  Haws  very  abundant.  Woodenhridge  (B.)-  Beechmast  plentiful. 
Pennington  (B ).  Haws,  blackberries,  and  holly  berries  especially  abundant. 
Very  few  wasps  or  butterflies,  but  slugs  numerous  this  year.  Chislehurst  (C.). 
20th.  Finished  picking  hops.  Cfielt€7iham  (J),),  Wild  flowers  scarce  all  through 
the  autumn.  Beeston  (D,).  A  scarcity  of  wasps.  Hodsock  (D.).  Harvest 
finished.  Hitchin  (£.)•  Haws  and  holly  berries  very  plentiful.  AshweU  (E.). 
Swifii  last  seen 

October. — Sidcot  ( A.)>    Autumn  tints  not  so  good  as  usual,  most  of  the  leaver 
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turning  dull  yellow  with  no  reel  tints.  St.  Arvans  (A.).  Yew  berriea  very 
abundant.  St.  Darters  (A.).  Blackberries  scarce.  Pennington  (B.).  Autumn 
tints  less  vivid  than  usual.  Uiurt  Vicarage  (C).  16th.  Dahlias  killed  by  frost. 
Churl  (C.)  Acorns  scarce.  AddUstone  (C).  18th.  Dahlias  killed  by  frost. 
Oxford  (i^,).  5th.  Lime  trees  bare.  Watford  {J^.),  27th.  Trees  without  rich 
autumn  tints.  Cronkboum".  (,P).  14th.  Wasps  still  plentiful.  22nd.  Dahlias 
cut  down  by  frost.  Sidhy  (P.).  18th.  Woodcock  first  seen.  Edgeicorthstovm 
(0.).  Autumn  foliage  extraordinarily  brilliant.  Ballymena  (G.).  A  second 
bloom  of  many  flowers,  also  a  second  crop  of  raspberries  and  plums,  which 
ripened.     Durham  (J.).     22nd.     Dahlias  killed  by  frost. 

November. — }fa\rnan  Smith  (A.)*  Hawthorn  and  holly  berries  abundant. 
6th.  Gathered  ripe  wild  strawberries.  Killarney  (B.).  14th.  The  brown 
leaves  of  a  beech  hedge  falling,  and  a  fresh  growth  of  young  green  foliage  ex- 
panding as  in  spring.  Woodenhridge  (B  ).  Strawberries  in  bloom  to  end  of 
month.  7th.  Trees  all  bare.  Stcanley  (G.).  8th.  Eipe  strawberries  still  on 
canes.  Churt  (G.).  Holly  berries  and  sweetbriar  hips  very  abundant.  Addle- 
stone  (G).  Holly  berries  a  heavy  crop.  Watford  (D,).  Holly  berries  magnifi- 
cent. B^rhhamsted  (D.).  Holly  berries  exceptionally  abundant.  Burbage  (D,). 
Holly  berries  exceptionally  plentiful.  Durham  (I.).  2nd.  Fieldfares  first  seen. 
80th.     Wild  duck  appearing. 


Erratum  in  Phenohgieal  Report  for  1893. 
Hodsock.—A  dish  of  strawberries  was  gathered  on  June  8th,  not  May  8th. 

DISCUSSION. 
Mr.  F.  C.  Bayard  inquired  what  number  of  observers  Mr.  Mawley  considered 
to  be  sufficient  for  the  calculation  of  the  averages  of  the  13  plants  given  in  the 
table  at  the  bottom  of  the  diagrams  of  the  dates  of  fiowering  for  1893  and  1894. 
Dr.  A.  BuGHAN  considered  that  the  work  done  by  Mr.  Mawley  in  the  prepar- 
ation of  this  report  was  of  great  value.  He  had  noticed  one  exceedingly 
remarkable  feature  in  connection  with  the  ripening  of  the  corn  crops  during  the 
past  year  in  Scotland.  He  left  Edinburgh  on  an  inspection  tour  on  August  12th, 
the  crops  in  the  neighbourhood  then  being  as  **  green  as  leeks,*'  but  eight  davs 
afterwards,  upon  arriving  in  the  South  Shetlands,  he  was  astonished  to  see  the 
crops  ripe  and  cut,  and  he  was  told  that  such  a  beautiful  summer,  more  especially 
the  months  of  Julv  and  August,  had  never  before  been  experienced  in  the 
Shetlands  within  the  memory  of  the  oldest  inhabitant.  With  regard  to  the 
serious  frost  in  May,  there  appeared  to  have  been  considerable  irregularity  in  the 
distribution  of  the  areas  of  damage,  and  a  gardener  had  informed  him  that  in  one 
fruit  garden  the  apple  blossoms  were  so  completely  destroyed  by  the  frost  that 
there  were  only  two  apples  in  the  whole  garden,  while  in  a  garden  not  far  distant 
the  frost  appeared  to  have  had  no  effect,  there  being  a  good  yield  of  apples. 
Possibly  the  damage  caused  by  the  frost  was  dependent  upon  the  condition  of 
the  blossom,  as  if  the  fruit  was  '  set*  it  would  probably  be  better  able  to  resist 
the  frost  than  if  the  blossom  was  in  an  earlier  stage.  Eeferring  to  the 
migration  of  birds,  he  said  that  he  considered  their  movements  were  regulated 
by  the  conditions  of  weather  in  the  places  from  which  they  migrated. 

Mr.  G.  J.  SvMONS  said  that  lie  greatly  appreciated  the  able  manner  in  which  Mr. 
Mawley  presented  his  statistics,  and  he  thought  that  the  table  of  averages  of  the 
thirteen  plants  for  the  years  1891  to  1894  proved  the  excellence  of  the  obser- 
vations, the  agreement  between  the  figures  being  bo  good.  Concerning  the 
disastrous  frost  in  May,  he  said  that  he  had  occasion  to  travel  through  South 
Gloucestershire  about  a  week  before  the  date  of  the  frost,  and  the  apple  orchards 
looked  as  though  they  were  snow  clad,  the  blossom  being  so  profuse.  He  went 
through  the  same  district  a  fortnight  later,  when  he  found  that  all  the  blossom 
had  gone,  as  the  frost  had  completely  ruined  what  had  promised  so  well.' 

Admiral  J.  P.  Maclear  said  that  the  growers  in  the  neighbourhood  of 
Guildford  attributed  the  damage  resulting  from  the  frost  in  May  to  the  action  of 
strong  sunshine  upon  the  frost-nipped  crops  before  their  vitality  had  been 
sufficientlv  restored.  One  field  of  potatoes  was  shown  him  in  which  those  plants 
which  had  lain  in  shadow  previous  to  the  sun  shining  upon  them,  had  not  suffered. 
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while  those  which  experienced  the  full  power  of  the  sanlight  without  any  previous 
interval  of  shadow  had  been  killed.  One  grower  stated  that  if  the  plants  could 
have  been  watered  probably  little  damage  would  have  been  done. 

Dr.  A.  BucuAN  inquired  whether  Mr.  Mawley  had  been  able  to  ascertain  if  the 
damage  by  frost  was  in  any  way  dependent  on  the  nature  of  the  soil,  as  it 
appeared  probable  that  plants  on  cold  soils,  such  as  clay,  would  be  more  likely 
to  suffer  than  those  grown  on  warmer  soils. 

Mr.  E.  Mawlet,  in  reply,  said  that  for  the  purpose  of  preparing  averages  he 
would  much  like  to  have  from  15  to  20  observers  in  each  district,  but  the  actual 
number  of  observ^ers  was  in  many  districts  considerably  fewer  than  that  number. 
The  results  clearly  showed  that  the  best  represented  districts  gave  the  best 
results,  while  those  which  are  imperfectly  represented  caused  the  curve  to  be- 
come irregular.  As  regards  the  injury  to  fruit  trees  from  cold  or  wet,  the  most 
critical  period  in  their  blossoming  was  when  the  flowers  were  fully  expanded, 
but  not  yet  fertilised.  Therefore  the  nature  of  the  soil,  whether  warm  or  cold, 
might  in  some  cases  account  for  certain  fruit  trees  being  affected,  while  others 
escaped  injury,  from  the  May  frosts  although  growing  in  the  same  locality.  It 
was  generally  understood  that  the  migration  of  birds  to  the  British  Isles  was 
only  to  a  certain  extent  controlled  by  the  weather  here,  being  principally  regu- 
lated by  their  supplv  of  food  and  the  weather  prevailing  in  the  countries  from 
which  they  come.  The  injurious  effect  of  sunshine  upon  frost-bitten  plants  was 
well  known  to  horticulturists,  and  he  had  himself  once  saved  a  number  of  crysan- 
themums  by  placing  them  in  the  shade  before  the  sun  bad  acquired  sufficient 
power  to  hurt  them.  An  enthusiastic  rosarian  with  whom  he  was  acquainted,  on 
one  occasion,  fearing  a  spring  frost  would  injure  his  roses,  turned  the  garden 
hose  upon  them  early  in  the  morning,  and  so  saved  his  plants,  while  the  Ullage 
of  other  roses  in  the  same  district  were  greatly  damagea. 


PROCEEDINGS  AT  THE  MEETINGS 
OF  THE  SOCIETY, 


Jannary  16tli,  1896. 

Ordinary  Meeting* 

Richard  Inwards,  F.R.A.S.,  President,  in  the  Chair. 

Duncan  J.  Caddy,  M.D.,  F.R.G.S.,  4  EarPs  Court  Gardens,  S.W. ; 
Enoch  George  Mawbey,  Assoc.M.Inst.C.E.,  The  Firs,  Westleiffh,  Leicester ; 
Edward  Pritchard,  M.Inst.C.E.,  37  Waterloo  Street,  Birmingham  ; 
Henry  Thomas  Squirrell,  5  Station  Road,  Bexhill-on-Sea  ;  and 
Walter  Thomas,  Assoc.M.Inst.C.E.,  Dover, 
were  balloted  for  and  duly  elected  Fellows  of  tne  Society. 

The  following  communication  was  read : — 

"The  Gale  of  December  21st-22nd,  1894,  over  the  British  Isles.** 
By  Charles  Harding,  F.R.Met.Soc.    (p.  92.) 


January  16th,  1896. 

Annual  General  Meeting, 

Richard  Inwards,  P.R.A.S.,  President,  in  the  Chair. 

Mr.  F.  J.  Brodie  and  Mr.  M.  Jackson  were  appointed  scrutineers  of  the 
biUlot  for  Officers  and  Council. 

Mr.  F.  C.  Bayard  read  the  Report  of  the  Council  and  the  Balance  Sheet  for 
1894  (p.  62). 

It  was  proposed  by  the  President,  seconded  by  Mr.  F.  C.  Bayard,  and 
resolved  : — ^*  That  the  Report  of  the  Council  be  received  and  adopted,  and  printed 
in  the  Quarterli/  Journal,^ 
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It  was  proposed  by  Prop.  J.  K.  Laughton,  seconded  by  Mr.  W.  M. 
Beaufort,  and  resolved  : — *'  That  the  thanks  of  the  Society  be  given  to  the 
Officers  and  other  Members  of  the  Council  for  their  services  during  the  past 
year.*' 

It  was  proposed  by  Mr.  A.  Brewin,  seconded  by  Mr.  H.  S.  Eaton,  and 
resolved : — "  That  the  thanks  of  the  Society  be  given  to  the  Standing  Com- 
mittees and  to  the  Auditors,  and  that  the  Committees  be  requested  to  continue 
their  duties  till  the  next  Council  Meeting/' 

It  was  proposed  by  Dr.  C.  T.  Williams,  seconded  by  Admiral  J.  P. 
Maclear,  and  resolved  : — '*  That  the  best  thanks  of  the  Royal  Meteorological 
Society  be  communicated  to  the  President  and  Council  of  the  Institution  of 
Civil  Engineers  for  having  granted  the  Society  free  permission  to  hold  its  Meet- 
ings in  the  rooms  of  the  Institution." 

The  President  then  delivered  an  Address  on  "  Weather  Fallacies  "  (p.  49). 

It  was  proposed  by  Mr.  R.  H.  Scott,  seconded  by  Dr.  H.  R.  Mill,  and 
resolved : — **  That  the  thanks  of  the  Society  be  given  to  Mr.  Richard  Inwards 
for  his  services  as  President  during  the  past  year,  and  for  his  Address,  and  that 
he  be  requested  to  allow  it  to  be  printed  in  the  Quarterly  JoumaV* 

The  scrutineers  declared  the  following  gentlemen  to  be  the  Officers  and 
Council  for  the  ensuing  year : — 

President. 
Richard  Inwards,  F.R.A.S. 

Vice-Presidents. 

Robert  Barnes,  M.D.,  F.R.C.P. 

Robert  William  Peregrine  Birch,  M.InstC.E.,  F.G.S. 
Charles  Theodore  Williams,  M.A.,  M.D.,  F.R.C.P. 
Captain  David  Wilson-Barker,  F.R.G.S. 

Treasurer. 
Henry  Perigal,  F.R.A.S.,  F.R.M.S. 

Secretaries. 

Francis  Campbell  Bayard,  LL.M. 
George  James  Symons,  F.R.S. 

Foreign  Secretary. 
Robert  Henry  Scott,  M.A.,  F.R.S. 

Council. 

Arthur  Brewin. 

George  Chatterton,  M.A.,  M.Inst.C.E. 

Richard  Henry  Curtis. 

William  Henry  Dines,  B.A. 

William  Ellis,  F.R.S. 

Charles  Harding. 

Baldwin  Latham,  M.Inst.C.E.,  F.G.S. 

Admiral  John  Pearse  Maclear,  R.N.,  F.R.G.S. 

Edward  Mawley,  F.R.H.S. 

Hugh  Robert  Mill,  D.Sc,  F.R.S.E.,  F.R.G.S. 

Henry  Southall,  F.R.H.S. 

Herbert  Sowerby  Wallis. 
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February  20th,  1896. 

Ordinary  Meeting, 

RiCHABD  Inwabds,  F.R.A.S.,  President,  in  the  Chair. 

Mrs.  Charlotte  Lyndon,  Wellington,  Somerset ; 
Arthur  Henry  Aylmer  Morton,  M.A.,  Athenaeum  Club,  S.W. ; 
Edward  Amob  Peak,  Pearson  Park,  Hull ;  and 

Capt.  Henry  Robert  Frederick  Plater,  P  R.G.S.,  18  Campbell  Road,  Bow^.^ 
were  balloted  for  and  duly  elected  Fellows  of  the  Societj. 

Capt.  D.  Wilson-Barker  and  Mr.  W.  Marriott  exhibited  some  lantern 
slides  showing  the  condition  of  the  ice  on  the  Thames  at  the  date  of  the  meeting. 

The  following  communications  were  read  : — 

"  Report  on  the  Phenological  Observations  for  1894."     By  Edward 
Mawley,  F.R.Met.Soc.    (p.  112.) 

"  The  Thunderstorm  and  Squall  of  January  23rd,  1895."    By  William 
Marriott,  F.R.MetSoc.    (p.  102.) 

"  On  some  gradual  Weather  Changes  in  gbbtain  months  at  Greenwich 
AND  Geneva."    By  Alexander  B.  MacDowall,  M.A.,  F.R.Met.Soc.    (p.  108.) 


CORRESPONDENCE  AND  NOTES. 

Experiment  illustrating  the  Formation  of  the  Tornado  CIond.~The 
following  experiment  is  so  easily  performed,  and  imitates  so  exactly  on  a  small 
scale  the  mecnanism  of  a  Tornado  or  Waterspout,  that  it  seems  worth  describing. 

Obtain  an  old  box  or  packing  case  about  2  feet  square  and  18  inches  hi  eh.  In 
the  centre  of  the  top  cut  a  round  hole  about  3  inches  diameter,  and  in  it  fix  a 
few  feet  of  stove  pipe.  Remove  one  side  of  the  box,  or  preferably,  for  the  sake 
of  light,  two  opposite  sides,  and  replace  by  window  glass,  leaving,  however,  a 
narrow  opening  on  one  side  only  between  the  glass  and  the  side,  about  i  inch  to 
1  inch  broad  and  extending  to  the  full  height.  Place  in  the  bottom  of  the  box  a 
circular  vessel  filled  with  hot  water,  and  then  by  any  available  means  obtain  a 
strong  draft  up  the  stove  pipe.  The  characteristic  funnel  cloud  is  soon  seen 
extending  from  the  water  to  the  mouth  of  the  pipe  at  the  top  of  the  box,  and  if 
the  draft  be  strong,  and  the  conditions  favourable,  a  decided  protuberance  is 
seen  on  the  surface  of  the  water  iust  under  the  end  of  the  cloud. 

The  draft  can  be  obtained  by  burning  a  jet  of  gas  in  the  stove  pipe,  and  this 
is  sufficient  to  form  the  cloud,  but  will  hardly  raise  the  protuberance  on  the  water. 

The  success  of  the  experiment  seems  to  depend  on  a  strong  draft  up  the  chim- 
ney, and  on  directing  the  air  as  it  enters  the  box  so  that  it  has  the  greatest  pos- 
sible angular  momentum  about  the  centre,  and  also  on  perfectly  quiet  and  steady 
conditions  in  the  surrounding  air,  for  the  funnel  when  formed  is  easily  broken 
up  by  any  irregular  draft. 

There  seems  no  doubt  but  that  the  cloud  is  formed  by  true  dynamic  cooling, 
as  the  air,  saturated  by  the  vapour  from  the  hot  water,  comes  under  the  influence 
of  the  decreased  pressure  at  the  centre  ;  for  1  have  not  been  able  to  form  the 
cloud  with  smoke. 

The  circular  motion  and  the  rapid  whirl  are  quite  apparent,  and  can  be  proved 
by  dropping  any  light  objects  into  the  box,  also  powder  or  soap  suds  floating  on 
the  water  are  instructive. 

Probably  the  sizes  given  above  are  quite  immaterial,  but  they  are  the  first  and 
only  ones  I  have  tried. — W.  H.  Dines,  Oxshott,  April  18th,  1895. 
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Wet-bulb  in  Frost. — During  the  frost  of  February  1895  I  made  several  ex- 
periments with  the  wet-bulb  thermometer  in  order  to  see  how  long  it  would  take 
to  fall  to  its  lowest  temperature  after  wetting. 

1.  On  February  8th,  at  9  p.m.,  I  applied  warm  water  to  the  ordinary  wet- 
bulb  thermometer  with  spherical  bulb,  and  to  a  sling  thermometer  with  long 
cylindrical  bulb  which  had  a  fringe  at  the  upper  part  of  the  bulb  (Kammerman*8 
arrangement)  ;  the  temperature  of  both  immediately  rose  to  50^  At  the  end 
of  1  minute  ooth  thermometers  had  fallen  to  32°.  The  sling  thermometer  re- 
mained at  that  temperature  for  about  1  minute,  and  3  minutes  later  had  fallen 
to  its  lowest  point.  The  ordinary  wet-bulb  thermometer  remained  at  32°  for 
more  than  6  minutes,  and  fell  very  slowly  for  the  first  few  degrees,  but  more 
quickly  for  the  remainder.  This  thermometer  took  about  10  minutes  to  fall. 
The  whole  time  occupied  from  the  moment  of  wetting,  till  the  actual  lowest 
temperature  was  reached,  was  5  minutes  for  the  sling  thermometer,  and  15  minutes 
for  the  ordinary  wet-bulb  thermometer. 

The  temperature  of  the  air  at  the  time  was  18°,  the  wind  East,  force  2,  and 
the  sky  cloudless. 

2.  On  February  11th  the  muslin  on  the  ordinary  thermometer  was  wetted  at 
9  p.m.,  but  on  looking  at  the  thermometer  at  the  end  of  30  minutes  the  mercury 
in  it  was  still  2°  higher  than  that  of  the  dry  bulb. 

The  temperature  of  the  air  was  22°,  the  wind  calm,  and  the  sky  cloudless. 

3.  On  February  14th  I  experimented  with  three  thermometers,  viz.  the  ordi- 
nary spherical  bulb,  a  sensitive  cylindrical  bulb,  and  the  sling  thermometer.  On 
applying  warm  water  they  all  rose  to  about  50°,  and  at  the  end  of  1  minute  they 
had  fallen  to  32°.  The  sling  thermometer  remained  at  32°  for  about  5  minutes, 
and  at  the  end  of  8  minutes  had  reached  its  lowest  point.  The  cylindrical  bulb 
thermometer  remained  at  32°  for  8  minutes,  and  reached  its  lowest  point  in  12 
minutes.  The  ordinary  thermometer  remained  at  32°  for  8  minutes,  and  reached 
its  lowest  point  in  15  minutes. 

The  temperature  of  the  air  was  24°,  the  wind  East,  force  2,  and  the  amount  of 
cloud  7. 

In  these  experiments  the  sling  thermometer  was  whirled  round  and  round  in 
free  air,  while  the  other  thermometers  were  suspended  in  the  Stevenson  screen. — 
William  Markiott. 

Smoke  of  Volcanoes  as  a  Weathercock. — Some  of  us  read  with  interest  the 

article  on  the  '*  Great  Frosts  '*  of  mediseval  and  recent  times  in  the  Standard  a 
few  days  ago— qualified  with  a  smile  at  the  legend  that  **  the  Mediterranean  twice 
froze  over,  and  that  carts  passed  over  it,"  &c.  These  were  of  course  the  lagoons 
of  Venice  and  kindred  seas.  But  the  writer  ended  by  asking  how  these  great 
and  continued  frosts  arose,  and  it  is  this  part  of  the  article — unanswerable  at 
present  though  it  be— that  makes  me  ask  whether  the  finest  weathercocks  in  the 
world — the  smoke  of  its  lofty  volcanoes — have  been  properly  and  systematically 
observed  ?  I  say  weathercocks,  for  the  (smoke)  vane  is  free  to  move  both 
laterally  and  perpendicularly  ;  and  it  is  as  to  this  latter  function  that  I  ask  my 
question.  I  have  long  been  of  opinion,  from  reading  both  British  and  Conti- 
nental works  on  meteorology,  that  the  importance  of  "  down  draughts  "  has  not 
received  the  attention  due  to  it. 

On  my  re-visit  to  Naples  (after  many  years  absence)  on  December  20th,  1894, 
I  arrived  during  the  first  veering  of  the  wind  towards  North  after  cyclonic  con- 
ditions. The  next  morning,  with  the  wind  West,  the  smoke  of  Vesuvius,  which 
is  somewhat  abundant,  blew  away  parallel  with  the  clouds  to  the  east,  but  the 
day  following  (the  22nd)  the  wind  was  North,  and  the  smoke  made  a  clinginfir 
descent  down  the  side  of  the  mountain  to,  of  course,  south.  This  continued 
for  days,  i.e,,  while  the  wind  was  North  or  North-east,  till  the  25th.  On  the 
26th  the  wind  was  East,  and  the  smoke  did  not  cling  so  much  to  the  mountain 
surface,  though  its  descending  character  was  strongly  marked.  On  the  morning 
of  the  27th,  with  light  air  from  the  East,  with  the  same  tendency,  till  near  noon, 
with  a  bright  sun,  the  wind  drew  to  the  South-west,  and  the  smoke  became 
thoroughly  uplifted  to  the  north-east.  On  the  28th  there  was  the  same  uplifted 
tendency  wltn  the  same  wind  till  the  afternoon,  when  the  wind  changed  to  East, 
and  immediately  there  was  a  descent  of  the  smoke,  which  lasted  till  the  morning 
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of  the  29th  ;  when,  with  a  rapid  fall  of  the  thermometer,  the  wind  shifted  to 
South-south-west  and  an  uplifted,  and  afterwards  horizontal,  course  of  the  smoke 
was  observable  wherever  the  clouds  in  the  gale  admitted  of  observation. 

Over  and  over  again  in  the  last  two  months  the  same  thing  has  occurred  when- 
ever in  this  most  extraordinarily  tempestuous  winter  I  have  been  able  to  catch  a 
glimpse  of  the  smoke.  At  the  moment  of  writing,  the  wind  has  suddenly  turned, 
after  sirocco,  with  great  force  to  the  North-east,  and,  as  seen  from  here,  the 
smoke  descended  from  the  mountain,  which  is  almost  due  north  from  here, 
absolutely  giving  the  semblance  of  a  close  cling  to  the  side  of  the  mountain.  A 
very  long  and  constant  acquaintance  with  the  Alps  has  taught  me  long  ago  that 
the  cold  of  the  Swiss  "  bise  '*  and  Italian  **  tramontano  "  from  North  to  North- 
east has  nothing  to  do,  except  for  a  most  secondary  thing,  with  the  wind's  pas- 
sage over  the  Alpine  snow.  Compared  with  the  cold  derived  from  its  down 
draught  character,  this  passage  may  be  almost  considered  **  une  quantity  neglige- 
able,"  e.g,  take  the  May  of  1891  when  I  was,  as  I  often  have  been,  at  Lucerne. 
The  first  part  of  that  month  was  unusually  hot,  and  the  surface  of  the  plain 
north  of  Lucerne,  to  distinguish  them  from  mountains,  must  have  been  for  the 
time  of  year  warm,  yet  on  a  sudden  change  to  North  the  wind  was,  as  anyone 
might  have  expected,  bitterly  cold.  While  a  change  to  -South  in  June,  travel- 
ling over  50  miles  of  snow  and  glacier,  brought,  as  it  always  does  at  Lucerne, 
an  intolerable  heat. 

My  impression  is  that  the  question  of  descent  of  air,  more  or  less  (as  it  is),  of 
auch  long  continuance  where  in  winter  we  have  such  large  areas  of  excessive  pres- 
sure is  one  of  those  that  has  not  received  the  attention  it  deserves  ;  although  1  am, 
of  course,  quite  aware  of  the  valuable  information  in  respect  of  it  given  in  the 
text  books.  We  know,  e.g,  that  in  the  formation  of  hail  the  ascent  and  descent 
of  the  wind  and  the  respective  portions  of  the  funnel  shaped  storm,  are  the  fac- 
tors of  formation,  but  what  liere  goes  on  in  miniature  goes  on  pn  a  huge  and 
lasting  scale  at  times. — T,  H.  Morgan,  Sorrento,  South  Italy,  February  16th ,  1895. 
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THE   FROST  OF  JANUARY  AND  FEBRUARY    1895  OVER 
f         THE  BRITISH  ISLES. 

By  F.  CAMPBELL  BAYARD,  LL.M.,  F.B.Met.Soc., 

AND 

WILUAM  MARRIOTT,  F.R.Met.Soc. 
(Plates  8-6.) 


[Bead  April  17th,  1896.] 

Thb  frost  of  January  and  February  1895  was  of  so  intense  a  character, 
that  it  seemed  desirable  that  a  commnnication  on  the  subject  shoold  be  made 
to  the  Society.  We  have  therefore  willingly  complied  with  the  request  of  the 
Council  to  prepare  such  a  paper,  which  we  now  submit,  and  trust  that  the 
information  contained  therein  may  be  of  interest  to  the  Fellows. 

The  cold  period,  which  commenced  on  December  80th,  and  terminated  on 
March  5th,  was  broken  by  a  week's  mild  weather  from  January  14th  to  21st, 
otherwise  the  cold  would  have  been  continuous  for  66  days.  The  character 
of  the  weather  during  this  period  will  be  seen  at  a  glance  from  the  following 
data  for  Greenwich : 
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Mean. 
Max.         Min. 

A.  Dec.  80— Jan.  18  Cold 87-9        81-0 

Jan.  6—12  Very  Cold         82-6        27-2 

B.  Jan.  14—21  Mild 46-4         87*0 

C.  Jan.  22— Mar.  6  Cold 86-9         24-1 

Jan.  26— Feb.  19  Intensely  Cold  82-8        19-6 

MiNZMUH  Temperatures. 

We  have  plotted  on  maps  for  each  day,  for  the  whole  period,  the  minimum 
temperatures  from  the  Society's  stations  and  also  from  those  of  the 
Meteorological  Office,  as  well  as  some  furnished  by  Dr.  Buchan  and 
Mr.  S3mions. 

For  the  purposes  of  this  paper  we  have  considered  a  "  cold  day  **  to  be 
when  the  minimum  temperature  has  fallen  below  10^.  During  the  period  in 
question  there  were  28  days  on  which  that  limit  was  reached  in  some  part  of 
the  British  Isles.  The  charts  for  these  days  are  reproduced  on  Plates  8  and 
4.  The  isothermal  lines  are  drawn  for  each  ten  degrees,  the  areas  below  10^ 
being  shaded,  and  those  below  0°  (zero)  being  cross  shaded. 

On  January  8th,  the  temperature  fell  to  —8°  at  Braemar,  and  was  below 
l(f  over  the  central  pu*t  of  north  Scotland.  Temperatures  below  20°  were 
recorded  over  nearly  the  whole  of  the  north  of  Scotland,  and  also  at  several 
places  in  England  and  Ireland. 

On  the  9th,  the  lowest  reported  temperature  was  —5°  at  Braemar. 
Temperatures  below  10°  were  recorded  over  the  central  part  of  Scotland,  while 
readings  below  20°  were  registered  over  nearly  the  whole  of  Scotland,  the 
north  and  parts  of  the  west  of  England,  and  part  of  Wales  and  Ireland. 

On  the  10th,  the  cold  areas  had  extended  and  the  frost  had  become  more 
intense.  The  lowest  temperatures  were  —2°  at  Braemar,  and  0°  at  Stobo. 
Headings  below  10°  were  reported  from  the  eastern  and  southern  parts  of  Scot- 
land, and  a  part  of  the  north  Midlands  of  England  and  Wales.  Temperatures 
below  20°  occurred  over  practically  the  whole  of  Scotland,  the  greater  part 
of  England  and  Wales,  and  the  central  part  of  Ireland. 

On  the  11th,  the  lowest  reading  was  0°  at  Braemar.  The  area  of  tempera- 
tures below  10°  extended  from  the  north  of  Scotland  to  the  Midland  counties  of 
England,  while  that  below  20°  covered  nearly  the  whole  of  Scotland  and 
England. 

On  the  12th,  the  lowest  reading  was  2°  at  HiUington,  and  temperatures 
below  10°  occurred  in  several  districts  in  the  east  of  Scotland  and  England. 
Temperatures  below  20°  were  recorded  over  the  greater  part  of  Scotland 
and  England. 

On  the  18th,  the  cold  had  become  less  intense,  only  one  station  in  the 
north  of  England  reporting  a  temperature  below  10°,  while  readings  below 
20°  were  recorded  at  only  a  few  stations  in  the  east  of  England. 

Mild  weather  set  in  on  the  14th  and  continued  till  the  2l8ty  when  the 
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cold  retnrned ;  and  on  the  26th  the  minimnm  had  fallen  below  l(f  in  Wales 
and  Norfolk,  the  lowest  readings  being  8°  at  Llandovery  and  9°  at  HiUington. 
Temperatures  below  2(f  occurred  over  the  inland  parts  of  Scotland,  the  north, 
east,  and  west  of  England,  Wales,  and  part  of  Ireland. 

On  the  27th,  temperatures  below  l(f  were  registered  in  the  eastern  and 
south-eastern  counties,  Yorkshire,  and  part  of  Wales,  the  lowest  readings 
being  1^  at  Hillington  and  8°  at  Geldeston.  The  temperatture  fell  below  20* 
over  almost  the  Tvhole  of  England,  Wales,  and  Scotland,  and  parts  of 
Ireland. 

On  the  28th,  the  temperature  fell  below  (f  in  Wales,  the  lowest  reading 
being  —2P  at  Llandovery.  Temperatures  below  10°  occurred  over  part  of 
Wales,  the  north  of  England,  and  the  west  and  south  of  Scotland ;  and 
minima  readings  below  20^  were  registered  over  almost  the  whole  of  Eng- 
land, Wales,  and  Scotland,  as  well  as  over  the  central  part  of  Ireland. 

On  the  29th,  temperatures  below  l(f  were  registered  at  several  places  in 
England,  Wales,  and  Scotland,  the  lowest  reading  being  2°  at  Llandovery. 
Temperatures  below  20°  were  reported  from  stations  over  nearly  the  whole 
of  England  and  Wales,  and  the  south  and  east  of  Scotland. 

On  the  SOth,  the  temperature  fell  below  10°  over  the  centre  and  south  of 
Scotland,  and  parts  of  the  centre  of  England,  the  lowest  readings  being  1°  at 
Braemar  and  8°  at  Stobo.  Temperatures  below  20°  occurred  over  nearly 
the  whole  of  Scotland,  England,  and  Wales. 

On  the  81st,  temperatures  below  10°  were  registered  over  the  central  and 
southern  parts  of  Scotland  and  part  of  Wales,  the  lowest  readings  being  2° 
at  Braemar  and  4°  at  Stobo.  The  temperature  fell  below  20°  over  nearly 
the  whole  of  Scotland,  the  north  and  west  of  England,  the  greater  part  of 
Wales,  and  the  south-west  of  Ireland. 

From  February  1st  to  4th  the  cold  was  not  so  severe,  the  minimum  tem- 
perature at  no  place  being  below  10°. 

On  the  5th,  temperatures  below  10°  were  registered  over  Wales  and  parts 
of  the  centre  of  England,  the  lowest  reading  being  5°  at  Gwemyfed  Park, 
Brecknockshire.  The  minima  fell  below  20^  over  the  greater  part  of  England 
and  Wales,  and  at  a  few  stations  in  Scotland. 

On  the  6th,  temperatures  below  0°  were  registered  at  several  places  in  the 
Midland  districts  of  England,  the  lowest  readings  being  -4°  at  Barkby, 
-8°  at  Ketton,  and  -2°  at  Bury  St.  Edmunds.  The  minima  fell  below 
10°  over  the  whole  of  the  midland  and  part  of  the  south-western  districts  of 
England,  and  part  of  Wales  and  Ireland ;  and  also  below  20°  over  the  whole 
of  England  and  Wales,  and  the  greater  part  of  Scotland  and  Ireland. 

On  the  7th,  temperatures  below  0°  were  registered  at  several  places  in 
England,  Scotland,  and  Ireland,  the  lowest  readings  being  — 10°  at  Barkby, 
—7°  at  Aviemore,  Inverness-shire,  and  —4°  at  Ketton.  Temperatures  below 
10°  occurred  over  the  greater  part  of  England  and  Wales,  the  centre  and  south 
of  Scotland,  and  the'  centre  of  Ireland ;  while  the  isothermal  line  of  20° 
embraced  almost  the  whole  of  the  British  Isles. 

On  the  8th,  temperatures  below  0°  were  registered  over  the  centre  and 
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Bonih  of  Scotland,  the  north,  centre,  and  other  parts  of  England  and  Wales, 
the  lowest  readings  being  —18^  at  Aviemore,  and  —12^  at  Braemar.  The 
area  of  temperatures  below  10°  embraced  almost  the  whole  of  Scotland  and 
England  except  the  west  and  south,  and  also  part  of  the  centre  of  Ireland. 
Temperatures  below  20°  occurred  over  the  whole  of  Scotland,  Wales,  and 
England  (except  the  extreme  south-west  coast),  and  the  greater  part  of 
Ireland. 

On  the  9th,  temperatures  below  0°  were  registered  over  the  centre  and 
south  of  Scotland,  the  north  and  midland  districts  of  England,  and  part  of 
Wales,  the  lowest  readings  being  —11°  at  Braemar  and  Aviemore,  —9°  at 
Glenlee,  and  —8°  at  Blair  Athol.  The  area  of  temperatures  below  10°  was 
similar  to  that  of  the  previous  day,  and  embraced  almost  the  whole  of  Scot- 
land, England,  and  Wales,  except  the  west  and  south,  and  also  part  of  the 
centre  of  Ireland.  Temperatures  below  20°  occurred  over  the  whole  of 
Scotland,  Wales,  and  England  (except  the  south-west  coasts),  and  the  north- 
east of  Ireland. 

On  the  10th,  temperatures  below  0°  were  registered  over  the  centre  and 
south  of  Scotland,  the  north,  centre,  and  east  of  England,  and  part  of  Wales, 
the  lowest  readings  being  — 14°  at  Braemar,  — 18°  at  Blair  Athol,  and  — 11° 
at  Drumlanrig.  The  area  of  temperatures  below  10°  embraced  nearly  the 
whole  of  Scotland  and  the  north,  east,  and  centre  of  England,  and  part 
of  Wales.  Temperatures  below  20°  occurred  over  the  whole  of  Scotland, 
nearly  the  whole  of  England  and  Wales,  and  parts  of  Ireland. 

On  the  11th,  temperatures  below  0°  were  registered  over  the  central  and 
southern  parts  of  Scotland,  and  in  Derbyshire,  the  lowest  readings  being 
—  17°  at  Braemar,  and  —11°  at  Buxton.  Temperatures  below  10°  occurred 
over  the  greater  part  of  Scotland,  and  the  north,  east,  and  midland  districts 
of  England,  and  below  20°  over  the  whole  of  Scotland,  the  greater  part  of 
England,  and  also  in  Wales  and  Ireland. 

On  the  12th,  temperatures  below  0°  were  registered  over  the  south  of  Scot- 
land, the  lowest  reading  being  —  8°  at  Drumlanrig.  Temperatures  below  10° 
occurred  over  the  north,  centre,  and  south  of  Scotland,  the  north,  east,  west, 
and  other  parts  of  England,  Wales,  and  parts  of  Ireland.  The  area  of 
temperatures  below  20°  embraced  almost  the  whole  of  the  British  Isles. 

On  the  18th,  temperatures  below  0°  were  registered  over  the  centre  and 
south  of  Scotland,  the  lowest  reading  being  —7°  at  Braemar.  Temperatures 
below  10°  occurred  over  the  central  and  southern  parts  of  Scotland,  the 
greater  part  of  England  and  Wales,  and  the  centre  of  Ireland.  The  area  of 
temperatures  below  20°  embraced  almost  the  whole  of  Scotland,  England, 
and  Wales,  and  parts  of  Ireland. 

On  the  14th,  the  lowest  minimum  reported  was  —7°  at  Drumlanrig. 
Temperatures  below  10°  occurred  over  parts  of  Scotland  and  England  ;  and 
the  isothermal  line  of  20°  embraced  almost  the  whole  of  Scotland,  England, 
and  Wales. 

On  the  15th,  temperatures  below  10°  were  reported  from  Leicestershire 
and  the  south  of  Scotland,  the  lowest  being  8°  at  Loughborough.    Tempera- 
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tures  below  20^  occurred  in  the  north  and  south  of  Scotland  and  the  greater 
part  of  England  and  Wales. 

On  the  16th,  the  temperature  fell  to  —11°  at  Aviemore,  and  was  below 
10°  over  the  centre  and  south  of  Scotland.  Temperatures  below  20° 
occurred  over  the  greater  part  of  Scotland,  and  several  parts  of  England  and 
Wales. 

On  the  17th,  the  temperature  fell  to  —11°  at  Aviemore,  and  —9°  at 
Braemar,  and  was  below  10°  over  the  central  parts  of  Scotland,  and  the  cast 
and  south-east  of  England.  Temperatures  bolow  20°  occurred  over  nearly 
the  whole  of  Scotland,  and  most  of  the  southern  half  of  England,  and  part  of 
Wales. 

On  the  18th,  the  temperature  fel  to  —11°  at  Aviemore,  and  —7°  at 
Braemar,  and  was  below  10°  over  the  central  part  of  Scotland.  Tempera- 
tures below  20°  occurred  over  the  greater  part  of  Scotland  and  England, 
and  parts  of  Wales  and  Ireland. 

On  the  19th,  the  temperature  fell  to  —8°  at  Aviemore  and  Braemar,  and 
was  below  10°  over  the  central  and  southern  parts  of  Scotland.  Tempera- 
tures below  20°  occurred  over  almost  the  whole  of  Scotland,  and  at  several 
places  in  England  and  Ireland. 

On  the  20th,  the  temperature  fell  to  —5°  at  Braemar,  and  0°  at  Drumlan- 
rig,  and  was  below  10°  over  the  central  and  southern  districts  of  Scotland. 
Temperatures  below  20°  occurred  over  nearly  the  whole  of  Scotland,  the 
north-west  and  other  parts  of  England,  Wales,  and  the  north-west  of  Ire- 
land. 

After  this  date  no  readings  below  10°  were  recorded,  although  frost 
occurred  on  every  day,  during  the  remainder  of  the  cold  period,  in  some  part 
of  the  British  Isles. 

Mean  Tempebatubes. 

Table  I.  gives  the  mean  maximum  ai^d  minimum  temperatures  at  a  number 
of  stations  for  January  and  February ;  for  the  period  of  intense  cold,  January 
26th  to  February  19(;h ;  and  also  for  the  whole  period,  December  80th  to 
March  5  th. 

On  Plate  5  are  given  charts  of  mean  temperature  for  January  and 
February,  and  also  for  comparison  Dr.  Buchan's  charts  of  the  average 
temperature  for  the  period  1857-1880.  From  these  charts  it  will  be  seen 
that  the  mean  temperature  of  the  British  Isles  for  January  was  about  7°, 
and  for  February  was  from  11°  to  20°,  below  the  average. 

On  Plate  5  are  also  given  the  charts  of  mean  temperature  for  the  whole 
period,  December  80th  to  March  5th ;  and  for  the  period  of  intense  cold, 
January  26th  to  February  19th. 

Table  II.  gives  the  number  of  times  during  January  and  February  the 
maximum  temperature  was  82°  or  below,  25°  or  below,  and  the  lowest  read- 
ing ;  as  well  as  the  number  of  times  the  minimum  temperature  was  20°  or 
below,  10°  or  below,  and  the  lowest  reading. 

The  intensity  of  the  frost  may  be  gathered  from  the  fact  that  there  were 
19  days  on  which  the  temperature  fell  bolow  0°,  and  28  days  on  which  it 
was  below  10°,  in  some  part  of  the  British  Isles. 
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TABLB  I.— Mban  Maximuh  and  Mnmnjif  Tbmpxbatubbb. 


January. 

February. 

Jan.  26  to 
Feb.  19. 

Deo.  30  to 
March  5. 

Station. 

.9 

i 

a 

a 

1 

i 

1 

1 

BCOTLAMD,  N. 

o 

0 

0 

0 

0 

0 

0 

0 

Sombargh  Head      

377 

313 

375 

29*0 

35-6 

26-8 

37*5 

29*9 

DeemesB       

37  6 

30-9 

368 

29-8 

34*9 

27-9 

37*2 

30*0 

Stornoway 

387 

29*6 

4I-I 

274 

38-9 

24-6 

397 

28*6 

Soonrie         

405 

278 

39-9 

24-1 

377 

21*2 

40*2 

26*0 

Wick 

37-5 

27-8 

37*4 

24*0 

35*4 

21*2 

37'4 

262 

Olencarron 

35-2 

23-9 

35-2 

22*6 

32-2 

18-4 

35'4 

23*4 

FortAagastuB         

361 

23-5 

369 

21-6 

33-8 

i7'5 

36*6 

23*0 

Fort  William          

37*3 

272 

370 

25- 1 

33*9 

21-8 

37*3 

26*6 

Scotland,  E. 

Nairn           ... 

36-2 

247 

367 

17-3 

337 

12-5 

36-5 

21*9 

NewPitflligo 

35-1 

253 

35-2 

21-8 

33-8 

i8-4 

35*2 

23-8 

Aberdeen      

36*1 

270 

35-4 

22-9 

32-6 

199 

36*0 

25*5 

Logie  Coldstone      

33-4 

22*4 

323 

194 

291 

15-2 

33'i 

21-4 

Braemar       

31-6 

iS-o 

30-6 

12-3 

271 

6-9 

3»'3 

i6-i 

Fetteroaim 

361 

25-1 

365 

19-3 

337 

i6-2 

36*6 

22*9 

Montrose      

350 

26*0 

353 

22-5 

32-6 

19-9 

35*5 

24-6 

Lednaihie     

34-0 

217 

35*1 

17-1 

32-1 

13-6 

34-6 

20-1 

Odhtertyre 

35-8 

24-8 

38-9 

217 

353 

18-5 

37-6 

23-8 

Stronvar       

34-0 

21-3 

370 

18-5 

32-8 

156 

357 

20*6 

DoUar          

35-6 

27-5 

35*4 

24-1 

334 

22-6 

35-9 

26-3 

Leith 

37*5 

27-1 

38-5 

24-8 

35*6 

22-2 

38-4 

26-5 

Edinburgh 

362 

27-5 

37-1 

254 

34*0 

22*9 

37*o 

26-9 

Marcbmont 

35-1 

253 

342 

24-1 

317 

2I-I 

34-6 

25-0 

Stobo 

344 

187 

33-2 

15-8 

297 

I2'I 

34'5 

180 

Hawiok         

34'o 

22-5 

345 

20*5 

31-6 

17*4 

348 

22*1 

England,  N.E. 

Alnwick        

36-0 

27-9 

35'i 

25-4 

326 

235 

357 

27*0 

North  Shields          

37*6 

275 

369 

25*5 

34-3 

236 

37'5 

26*8 

Dorham       ... 

351 

254 

35-8 

233 

33-1 

20-3 

35-8 

24*7 

Aysgarth       

Scarborough            

33-2 
377 

247 
287 

33-0 
367 

21-6 

27-0 

29-9 
33-6 

19-0 
248 

333 
379 

23-6 
28X 

York 

363 

26-2 

364 

229 

33-6 

20*0 

367 

25*0 

Spurn  Head 

England,  B. 

379 

30-8 

35-6 

288 

33*9 

26*8 

369 

29*8 

HiUington 

366 

24-8 

35-6 

21-5 

32-8 

16*6 

36*4 

23*8 

Yarmouth     

37*5 

28-8 

34-8 

269 

326 

23*6 

36-4 

28*0 

Geldeston     

38-6 

26-8 

36-3 

22-8 

34*3 

18*9 

37*9 

25*2 

Cambridge 

37-3 

26-8 

36-9 

207 

33-8 

i6*5 

37*5 

24*3 

Rothamsted 

Midland  Cottnties. 

365 

273 

343 

206 

311 

164 

35-8 

246 

Hesley  HalJ,  Bawtry         

Belvoir  Castle         

Loughborough         

36-2 
36-9 

25-9 
25-0 
25-8 

366 

344 
36-6 

20-5 
20*1 
17-3 

33-5 
317 
337 

16*4 
i6*i 
12*2 

367 
353 
37*1 

23*9 
23*3 
22*5 

Ketton          ...        ... 

367 

26-1 

364 

17-5 

33-2 

13-3 

37-0 

22*8 

Cheadle        

Solihull        

Churohstoke            

Burghill        

Cirencester 

Oxford          

England,  8. 

34*9 

25-5 

33-8 

230 

30-9 

20*1 

34-8 

247 

35-1 
357 

26*9 
24-1 

33-9 
33-6 

20*9 

18-9 

309 
309 

17-4 
15*2 

34*9 
35*1 

24-6 
22*2 

37'o 
37*4 

263 

34-9 
337 

19-3 
21*1 

321 
307 

15*9 
17*4 

36-5 
36*0 

24*2 
24*2 

374 

28-6 

354 

21-6 

32-4 

18-3 

36-8 

^•6 

London  QBrixton) 

areenwioh 

Cooper's  HiU          

382 

299 

35*6 

230 

32-6 

19*8 

37*3 

36-9 

377 

295 

35-2 

22*8 

32-3 

19*6 

36-9 

267 

37*3 

28>9 

33-8 

22-8 

310 

19*6 

36-1 

«6-3 
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TABIjB  I.->lisAH  MmMnM  and  Mznimuh  Taupbratubbs— ConttniM^. 


SUtion. 


January. 


England,  Q.^Continued. 

North  Foreland       

Strathfield  Torgiss 

DongenoBB 

St.  Leonard's  

Sonthampton  

Harst  Castle  

Stowell  

Scotland,  W. 

Landale        

Duntreath 

GlaBgow        

ArdroBsan     

Dramlanrig  ...        

Glenlee         

Gronkbonme,  Isle  of  Man  ... 

England,  N.W. 

Hawes  Junction      

Stonyhurst 

Blackpool      

Prestwioh     

Bidston         

Llandudno 

Holyhead      

England,  S.W. 

Llandovery 

St.  Ann's  Head       

Bristol  

Arlington      

Gnllompton 

Prawle  Point  

Plymouth     

Falmouth     

Ibsland,  N. 

Malin  Head 

Londonderry  

Edenfel  (Omagh)     

Belmullet      

Markree        

Colebrooke 

Arley  Cottage  (Lough 

Cunygrane 

Armagh        

Bonaghadee 

Ibeland,  S. 

Dublin  

Parsonstown 

Kilkenny      

Boche's  Point 

Fojmes  

Killamey      

Valencia       


Scilly. 
Jersey 


Channbl  Islands. 


I 


38-9 
377 
389 
38-4 
39-8 
40'i 

377 

38-9 
35-8 
35-6 
37*3 
37*6 
35'4 
39*4 

31-9 
350 
38-4 
366 
36-9 
39*3 
405 

377 
41-8 
38-6 
38-6 
39*8 

42'2 
41-3 

42-8 

40*6 
39*0 
36-6 
425 
39*4 
40*3 
373 
37-2 
37*2 
40*3 

396 
38-9 
39*3 
43-6 

41*3 
437 
44-1 

460 
43*5 


February. 


305 
27-9 
30-1 

303 
299 

31*5 
273 

26*9 

275 
28-8 
245 

243 
31-6 

215 
27-4 
26*9 
26*4 
298 
32-2 
333 

23-9 
34-8 
295 
29*0 
28-3 
319 
31-8 
33-8 

34-1 
301 
28-5 
34'4 
287 

27-5 
27-8 

277 
27*6 

32-5 

31-2 
28-8 

29*2 

34*4 
317 
31-4 
351 

383 
34*9 


H 

08 


34'3 
362 

34*9 
34*3 


Jan.  26  to 
Feb.  19. 


a 


261 
19-1 

237 
25-8 


375  239 
35  9  25-5 
33*9    217 


377 
37*2 
35'5 
37*5 
37*1 
34-1 
38-1 

30"3 
34'i 
35-8 
351 
345 
36-2 

37*2 

36-2 
37'o 
35'5 
33*5 
36-1 

37*3 
38-0 
382 

38-5 
397 
364 
397 
38-8 
38-8 
37*4 
37'o 
37*6 
390 

38-4 
38-1 
38-1 
41-4 

39*3 
40-6 
42*0 

40-5 
35'6 


25-1 
22*2 
246 

255 
15-8 
i8'i 
26*9 

i9'o 

243 
227 
231 
25*0 
273 
283 

i8-4 
279 
22*2 

22'9 
227 

28-6 
28-6 
30-6 

31-5 
26*4 

22*8 

2g-8 
239 

22-6 

237 
23-0 

24-3 
294 

29-9 
239 
273 
324 
29*1 
282 
32-0 

33*5 
273 


325 
33-0 
327 
317 
34-5 
33*9 
316 


344 
332 
323 
34*1 
348 
315 
35"9 

277 
31-6 
343 
327 
32-4 
34-4 
35*6 

330 
35*3 
32*9 
31*3 
33*9 
35*5 
36*0 
36-8 

367 
37-2 
33-8 
37-8 
35-8 
368 
347 
34*3 
35X 
367 

366 

359 
36-0 

399 
377 
39*2 
407 

39-8 
340 


237 
x6*4 

21-3 

235 

21-4 

23'6 
18-5 

23*2 

22*2 
230 

13-8 
157 
26*2 

16-3 
21-8 

20*0 
20*9 
23-1 

25-3 
267 

14*5 
26-6 

193 
207 

20-2 

26-8 

26-1 

28-4 
294 

24-8 
21-3 
29*2 
227 

21'2 

233 
21*6 

227 
28-4 

29*1 
230 
26*4 

324 
282 
29*1 

32*2 
327 

25*9 


Deo.  30  to 
March  5. 


368 

37-4 
370 
36-6 
391 
38-5 
363 

387 
370 
35*9 
37-8 
377 
35*3 
38-9 

31-3 
34'9 
375 
36*4 
36-1 
38-1 
392 

37*4 
397 
37-8 
36-5 

38-5 
401 
40-0 
41-0 


397 
395 
36-8 

41-5 
39*6 
39*6 
37-8 
375 
377 
39*9 

39*2 
38-8 

391 
42-8 
407 
427 
43*5 

43-6 
40*0 


I 


28-6 
24-1 
27-1 
282 
274 
28-8 
25*0 

26*2 

26-6 
27-8 

2l'I 
22*1 
29*6 

20*5 
26-3 

255 
251 
28-0 
30-2 

31-2 

21-8 

31-8 
26'5 
26*5 
26*4 
30*4 
30-5 
32-5 

33-0 
28-8 
26*2 
325 
268 
25*6 
26*2 
259 
26*4 

31-2 

307 

26'9 
286 

337 
31*0 
30-1 
34-1 

36-2 
317 
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TABLE  U.— PAJinciniUtB  oi  BiAzmuM  and  Mminm  Tbxpbbatubbs  dubino  Jahxjabt 

AND  FbbBUABT  1895. 


station. 

Maximum. 

Minimum. 

January. 

Febmaiy. 

January. 

February. 

^ 

, 

1 

y 

^1 

1 

3^ 

'82 

^i 

n 

1 

•^  Jo 

3 

Scotland,  N. 

0 

0 

0 

0 

Sumborgfa  Head      ... 

3 

... 

29*0 

4 

1 

250 

... 

... 

22*2 

2 

... 

Z70 

Deernesfl       

3 

... 

29*8 

4 

... 

280 

... 

... 

23-0 

... 

... 

20-6 

Stomoway    

3 

... 

31-0 

I 

... 

3Z-0 

I 

... 

19-0 

2 

... 

z6'o 

Sooirie         

I 

... 

30'0 

2 

... 

30*0 

3 

... 

20*0 

13 

... 

Z40 

Wick 

3 

... 

320 

3 

... 

28-0 

4 

... 

14-0 

9 

3 

2-0 

Qlenoarron 

7 

I 

245 

7 

3 

23-2 

9 

z 

9-1 

10 

I 

8*6 

Fort  Aagastos 

6 

I 

24*0 

6 

26-3 

II 

3 

49 

13 

5 

4-2 

Fort  William 

5 

1 

245 

7 

... 

27-2 

4 

10*8 

10 

ZZ'O 

Scotland,  E. 

Nairn            

3 

... 

26-0 

7 

... 

260 

10 

3 

5-0 

15 

Z2 

o-o 

New  Pitaligo 

3 

... 

26-9 

5 

... 

26-8 

? 

142 

II 

... 

zo-6 

Aberdeen      

7 

... 

254 

7 

2 

I9'0 

6 

z 

9*9 

12 

5 

5-6 

Logie  Goldstone 

»3 

I 

250 

10 

4 

153 

10 

3 

5*2 

13 

7 

-  30 

Braemar       

14 

4 

i8-2 

16 

6 

140 

13 

8 

-50 

14 

Z2 

-Z70 

Fetteroaim 

3 

... 

267 

6 

z 

247 

7 

4 

60 

13 

ZZ 

-  3-0 

Montrose      

7 

... 

266 

6 

2 

22-6 

4 

12-3 

II 

4 

3*3 

Lednathie     

9 

2 

21-5 

8 

2 

21-0 

13 

5 

50 

14 

zz 

-  3'0 

Oohtertyre    

4 

I 

22'0 

6 

z 

24-0 

8 

z 

lo-o 

13 

5 

40 

Stronvar       

9 

4 

lyo 

8 

z 

240 

12 

5 

4-0 

15 

9 

2'0 

Dollar          

3 

z 

250 

8 

z 

25-0 

4 

140 

9 

ZZ'O 

Leith            

2 

... 

29*0 

4 

... 

280 

6 

... 

150 

9 

... 

Z2-0 

Edinburgh 

3 

... 

29*8 

6 

z 

245 

3 

... 

19*0 

9 

... 

ZF9 

Marohmont 

7 

... 

30-0 

8 

2 

II'O 

8 

... 

14-0 

zo 

2 

7-0 

Stobo 

13 

2 

20'0 

13 

6 

20-0 

16 

8 

O'l 

16 

8 

0*0 

Hawiok        

9 

2     20'0 

7 

4 

i8-8 

9 

4 

2' I 

zz 

6 

-  o*z 

England,  N.£. 

Alnwick        

6 

... 

26*0 

9 

2 

23-0 

3 

... 

ii*o 

9 

2 

4-0 

North  Shields 

3 

■•• 

28-0 

7 

z 

240 

3 

... 

130 

9 

4 

7-0 

Durham        

6 

... 

277 

6 

2 

247 

7 

3 

8-4 

8 

5 

-  z-8 

Aysgarth      

9 

I 

24-0 

9 

4 

21-4 

7 

... 

10- 1 

zo 

5 

-    2'Z 

Scarborough 

4 

... 

26-3 

4 

3 

21-3 

z 

... 

18-4 

5 

I 

81 

York 

5 

... 

27-0 

8 

I 

23-0 

7 

... 

I2-0 

9 

4 

3-0 

Spurn  Head 

3 

... 

310 

5 

... 

260 

... 

23-0 

2 

20'0 

England,  E. 

HiUington     

6 

... 

28-1 

6 

... 

253 

8 

3 

1*9 

10 

6 

z-z 

Yarmouth     

I 

... 

29-0 

9 

I 

250 

3 

II-O 

4 

... 

Z50 

Geldeston     

z 

... 

29-1 

6 

I 

266 

5 

z 

8-0 

9 

3 

1*4 

Cambridge 

4 

... 

28-2 

5 

... 

7 

... 
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13 

5 

5*5 

Rothamsted 

8 

... 

26-2 

9 

2 
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4 
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14*5 

Z4 
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2-5 
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5 
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2 
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9'0 

13 

II 

-  50 
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5 
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7 

... 

26'0 

7 

— 

Z2'0 

14 

9 

-  8-0 

Oheadle        

8 

... 

27-4 

9 

3 

24-5 

6 

... 

15-0 

ZO 

... 

ZZ-2 

SolihuU        

10 

I 

21-3 

iz 

2 

22-3 

7 

••• 

zi-3 

zz 

4 

0-5 

Churohstoke 

5 

•  *. 

27-5 

Z2 

2 

23-4 

9 

Z 

9*6 

15 

5 

0-2 

Burghill        

6 

•*. 

28-5 

8 

I 

21-6 
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•  ... 

i6*o 

Z2 
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-  3*2 
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... 
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Z3 
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60 
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24-0 
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13 
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180 
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TABLB  n.— Pabtioulabs  of  Maximum  akd  Mirimum  Tsmpebatubsb  durimo  Jamuabt 
AND  February  1895 — Continued, 


Maximum.             ^ 

Maximum. 

January. 

February. 

January. 

February. 

Station. 

'1 

1 

1 

Sit 
°2| 

1 

^1 
\1 

0^ 

2I 

1 

England,  S.— Cont. 

0 

0 

0 

North  Foreland 

•  •• 

..• 

330 

12 

I 

240 

... 

... 

22-0 

5 

... 

i8-o 

Strathfield  Torgiss  ... 

7 

27*0 

7 

... 

253 

2 

... 

19-1 

13 

5 

1-8 

Dnogeness 

2 

... 

30-0 

9 

I 

25-0 

I 

... 

19*0 

10 

13*0 

St.  Leonard's 

3 

... 

28-2 

12 

2 

232 

... 

•  •• 

21*9 

... 

... 

20*3 

Southampton 

3 

... 

27-6 

5 

... 

263 

I 

I9"i 

6 

... 

137 

florst  CasUe 

2 

... 

32-0 

6 

... 

27-0 

I 

... 

20-0 

4 

,,, 

17*0 

StoweU         

9 

... 

266 

II 

I 

235 

4 

... 

136 

13 

I 

9*5 

Scotland,  W. 

Laudale        

4 

•  >• 

27*0 

6 

... 

25*9 

4 

... 

i6*o 

7 

... 

168 

Dantreath    

7 

.2 

ig*o 

7 

2 

230 

? 

? 

? 

12 

5 

6-0 

Qlasgow        

4 

I 

239 

8 

3 

22-3 

3 

... 

15-0 

7 

I 

6-6 

Ardrossan     

2 

... 

32-0 

6 

3 

22'0 

2 

... 

19*0 

6 

13*0 

Dramlanrig 

I 

... 

29-4 

7 

254 

7 

I 

8-0 

14 

"8 

-ii-o 

Qlenlee         

6 

... 

29'0 

II 

4 

162 

10 

... 

I2'0 

14 

8 

-  5*0 

Oronkb'ne.Lof  Man 

... 

... 

34-9 

3 

280 

... 

... 

205 

4 

... 

IO-5 

England,  N.  W^. 

HaweB  Junction 

16       I 

25-0 

16 

6 

19*0 

13 

I 

80 

H 

4 

3*0 

StonyhuTBt 

Blackpool     

7 

27-5 

10 

4 

237 

3 

18-9 

8 

10-5 

2 

276 

6 

I 

233 

7 

I2'0 

12 

2 

9'9 

Prestwioh     

4 

29-8 

7 

2 

21-8 

7 

16-9 

10 

... 

IO-6 

BidBton        

6 

27*0 

8 

2 

22-0 

220 

7 

... 

I2*0 

Llandudno    

33-0 

6 

... 

25-5 

... 

24-8 

4 

... 

I7'5 

Holyhead      

... 

330 

4 

... 

27*0 

... 

28-0 

2 

... 

17-0 

England,  S.W. 

St.  Ann'B  Head 

5 

I 

27-0 
30*0 

9 
5 

... 

26*0 
29*0 

10 

3 

-2-0 
27*0 

15 

5 

3-0 
23*0 

BriBtol          

3 

277 

7 

... 

25-8 

2 

i8-o 

12 

... 

105 

Arlington     

4 

28-0 

II 

I 

23-0 

3 

160 

9 

... 

13-0 

Gullompton 

I 

28-4 

6 

... 

25-8 

3 

156 

7 

... 

11-3 

Prawle  Point 

I 

32-0 

4 

... 

29-0 

25-0 

... 

2I«0 

Plymouth     

... 

340 

2 

... 

29-6 

... 

22*0 

I 

... 

19*0 

Fahnonth     

... 

34-8 

I 

... 

315 

... 

254 

... 

... 

22-3 

Ibxland,  N. 

Malin  Head 

*•. 

340 

5 

... 

30-0 

... 

27*0 

I 

... 

20*0 

Londonderry 

I 

32-0 

I 

... 

31-5 

... 

230 

5 

•.. 

H'5 

Edenfel  (Omagh)     ... 

7 

310 

7 

... 

280 

3 

i9'o 

9 

2 

5'o 

Behnnllet     

360 

3 

... 

30*0 

29*0 

... 

23-0 

Markree        

I 

310 

2 

•  •. 

300 

2 

16*3 

5 

2 

1-6 

Oolebrooke 

••• 

33 'o 

2 

... 

30-0 

5 

14*2 

xo 

4 

—    2*0 

' 

Arley  Ck>ttage  (Lough 

Sheelin) 

X 

308 

4 

... 

28-8 

4 

i6-i 

6 

2 

2*0 

Ourrygrane 

3 

31-0 

5 

... 

270 

3 

i8-5 

5 

3 

o*o 

Armagh        

2 

30-5 

3 

... 

29*0 

4 

12-2 

7 

2 

4'9 

Donaghadee 

... 

350 

3 

... 

300 

250 

5 

... 

160 

Ibbland,  S. 

Onblm          

I 

30-8 

I 

•  •• 

307 

I 

i6*9 

I 

... 

19*0 

Paraonstown 

... 

32-5 

3 

... 

29-5 

3 

193 

4 

3 

60 

Kilkenny      

2 

3i'o 

2 

... 

310 

3 

i8-o 

3 

ii-o 

Roche's  Point 

... 

360 

... 

... 

36*0 

27-0 

... 

25-0 

Foynes          

I 

318 

... 

,  , 

33*4 

... 

241 

I 

... 

I7'3 

Killamey      

... 

370 

... 

... 

330 

3 

195 

4 

... 

14*5 

Valencia       

... 

37-0 

... 

... 

360 

28*0 

... 

22*0 

Scilly           

... 

36-0 

... 

... 

36-0 

... 

28-0 

... 

... 

27-0 

JerBey           

... 

350 

6 

... 

25-1 

... 

261 
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Atmosphebio  Pbessuks. 

During  the  period  under  review  the  distribution  of  atmospheric  pressure 
over  the  British  Isles  was  almost  entirely  the  reverse  of  the  normal.  The 
pressure  in  January  was  lowest  in  the  south,  and  highest  in  the  north,  the 
conditions  being  favourable  for  strong  Northerly  and  Easterly  winds.  In 
February  the  conditions  were  more  decidedly  anticyclonic,  but  still  the 
pressure  was  low  in  the  south,  the  result  being  that  the  general  direction  of 
the  wind  was  from  the  North-east  or  East. 

It  was  owing  to  the  persistent  winds  that  prevailed  during  nearly  the 
whole  of  this  period  that  there  was  but  little,  if  any,  fog.  This  was  one  of 
the  most  remarkable  features  of  the  recent  frost,  as  former  frosts  have 
almost  invariably  been  accompanied  with  quiet  anticyclonic  conditions  and 
consequently  much  fog. 

Snow  fell  in  the  north  on  several  occasions,  and  owing  to  the  strong  winds 
which  blew  at  the  time  heavy  snowdrifts  occurred,  which  in  many  instances 
in  Scotland  completely  blocked  the  railways.  On  February  8th  a  heavy  fall 
of  snow  occurred  over  the  north  of  Ireland  and  the  Isle  of  Man,  the  melted 
snow  at  Donaghadee  producing  1*59  in.  of  water. 

Death  Bate. 

The  effect  of  the  cold  on  the  public  health  was  very  great,  especially  on 
young  children  and  old  people.  The  total  number  of  deaths  in  London  was 
below  the  average  till  the  week  ending  February  2nd,  after  which  they  rose 
with  great  rapidity  until  March  9th,  when  the  registered  number  of  deaths 
for  that  week  was  8,471,  or  1,588  above  the  average — the  death  rate  being 
41*2  per  thousand.  After  this  the  number  of  deaths  rapidly  decreased,  and 
by  March  80th  had  almost  fallen  to  the  average.  The  dotted  line  shows  the 
average  death  rate.     (Fig.  1.) 

The  number  of  deaths  due  to  diseases  of  the  respiratory  organs  rapidly 
increased  from  February  2nd  to  March  2nd,  when  they  were  1,448,  or  945 
above  the  average.  They  were  slightly  less  during  the  next  week,  after 
which  they  declined  to  about  the  average  by  the  end  of  the  month.    (Fig.  1.) 

The  number  of  deaths  according  to  ages  is  shown  in  Fig.  2  ;  from 
which  it  will  be  seen  that  there  was  comparatively  little  effect  of  the  cold 
on  people  in  vigorous  health — that  is  between  5  and  40  years  of  age.  The 
effect  on  middle  aged  people — that  is  between  40  and  60 — ^was  very  pro- 
nounced, the  deaths  rising  from  824  on  February  2nd  to  669  on  March  9th. 
Children  under  5  years  of  age  suffered  severely,  the  deaths  rising  from  462 
on  January  26th  to  1,018  on  March  9th.  The  effect  of  the  cold  on  old 
people — that  is  above  60  years  of  age — was  most  remarkable,  the  number 
of  deaths  rising  from  487  on  February  2nd  to  1,881  on  March  2nd,  and 
1,868  on  March  9th  ;  being  an  increase  of  more  than  three  times  the  number 
in  four  weeks. 

Skating. 

As  a  result  of  the  frost,  rivers,  lakes,  ponds,  &c.,  all  became  fast  bound 
in  ice,  and  afforded  ample  scope  for  skating.     In  Regent's  Park  skating  was 
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pennitted  on  the  lake  from  January  9th  to  18th,  and  from  the  29th  to  March 
8th, — ^in  all  a  period  of  44  days.  The  ice  was  10  inches  thick  on  Febru- 
ary 18th. 

The  Serpentine  in  Hyde  Park  is  not  thrown  open  for  skating  so  much  as 
formerly,  as  the  authorities  will  not  allow  the  public  to  go  on  the  ice  until  it 


4iC/lA 

5 

12   Id  86 

£ 

Feb. 

d    16 

23 

2 

-Map . 

9    16  25  30 

OqUO 

j\ 

' 

diOO 

/ 

/ 

I 

9M/in 

to 

^ 

i 

ie^ 

M 

«. 

/ 

\ 

low 

/ 

\ 

9/tAfl 

f\ 

/ 

^ 

^ 

Z9O0 

y 

\ 

/ 

\ 

9MU\ 

\ 

'~ 

.\ 

\ 

1^ 

^ 

^ 

; 

l£.i%i% 

/-^ 

^ 

iPOO 

/ 

/^ 

\^ 

y 

A* 

19/IA 

J 

r 

'\ 

Bt 

vn 

Chi 

Hi 

f. 

/ 

V 

800 

t^ 

/ 

\ 

k 

-?» 

"^ 

^ 

/ 

\ 

^ 

— . 

— 

v. 

400 

■■~~' 

*•• 

•*- 

0 

^Jan — , 
5  12  19  26  2 

Fel)._ 
9  16  23 

i" 

_Mar._ 
e  16  23  so 

I40C 

r 

1 

im 

s> 

\ 

f 

) 

. 

lOM 

J 

/ 

^ 

\ 

> 

/ , 

\ 

0iM 

/ 

K. 

^ 

V 

^ 

800 

/ 

\J« 

\, 

£/Vl 

/ 

/ 

^ 

cA 

T\ 

DiW 

.^ 

— 

■^ 

r 

J 

/ 

'!« 

'V 

s. 

Sl 

r 

^ 

\^ 

J 

J 

r 

r^ 

N 

4W7 

-> 

■"*fc 

,-»«-. 

^ 

I 

'i 

12 

-** 

^N 

*wt| 

\ 

^ 

^ 

«:: 

too 

0 

Fia.  1— Total  Deaths  in  London,  and  also 
Deaths  from  Bronchitis. 


Fxo.  2.— Deaths  in  London  according  to  ages. 


has  attained  a  considerable  thickness.  There  was  skating  on  the  Serpentine 
from  February  8th  to  21st.  The  ice  was  7}  inches  thick  on  the  19th  and  20th. 
Vast  numbers  of  people  skated  not  only  on  the  lakes  in  the  London  Parks, 
but  also  on  all  sheets  of  water  all  over  the  country.  The  railway  companies 
ran  special  trains  for  skaters  to  Lake  Windermere  and  Loch  Lomond.  The 
following  extract  from  The  Westmoreland  Oazette^  February  16th,  will  give 
some  idea  as  to  the  enthusiasm  with  which  skating  was  taken  up  : — 

The  lakes,  chief  among  them  Windermere,  have  been  fast  bound  in  ice.  On 
Monday  morning  Windermere  was  one  sheet  of  black  ice,  contrasting  in  this 
respect  with  most,  if  not  all,  of  the  other  lakes,  where  the  ice  was  spoilt  by 
snow.  The  news  of  the  freezing  of  the  lake  soon  spread,  and  during  the 
present  week  Windermere  has  been  visited  by  thousands  of  skaters,  as  well  it 
might,  considering  that  the  opportunity  of  skating  over  between  three  and  four 
thousand  acres  of  ice  does  not  occur  more  than  twice  or  thrice  in  a  lifetime. 
That  Bowness  should  be  the  great  skating  centre  was  inevitable,  from  its  prox- 
imity to  the  railway  station  at  Windermere  and  its  accessibility  to  a  consider- 
able local  population.  Since  Saturday  the  shore  and  the  surface  of  the  lake 
have  presented  a  scene  of  the  greatest  animation.  Troops  of  well  dressed  folk, 
oarrymdT  skates,  have  hurried  down  from  the  station,  the  crowds  increasing  as 
the  week  progressed.  On  Wednesday,  when  there  were  cheap  bookings  from 
Liverpool  and  Manchester,  and  a  special  train  from  Lancaster,  the  number  of 
persons  on  the  lake  could  not  have  been  less  than  2,000.  The  Bowness  Urban 
District  Ck)uncil  early  took  measures  tending  to  the  preservation  of  skaters  from 
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risk,  and  their  rescue  in  the  event  of  accident.  Bopes  and  ladders  were 
deposited  at  various  points  along  the  shore ;  two  men  were  appointed  to  keep 
watch,  and  at  places  where  there  were  signs  of  weak  ice,  flags  were  pluited.  A 
row  of  flags  was  fixed  along  the  north  side  of  the  track  kept  open  by  the  ferry 
boat,  which  has  plied  to  and  fro  as  usual.  Skaters  wishing  to  get  past  Ferry 
Nab  had  to  cross  a  small  portion  of  the  shore  in  order  to  do  so.  At  a  danger- 
ous bit  near  Henholme  a  red  lamp  was  put  up  to  warn  off  skaters  who  ventured 
near  after  dark.  Bonfires  were  lighted  in  firont  of  the  promenade,  and  Mrs. 
Richards,  with  her  characteristic  thoughtfulness,  had  a  tall  electric  lamp  put  up 
on  the  lawn  of  the  Old  England  Hotel.  The  boatmen  were  enabled  to  make  a 
little  money  by  putting  on  and  taking  off  skates,  using  their  cushion-houses  for 
the  purpose.  Befireshments  were  served  out  on  the  ice,  and  two  or  three  photo- 
graphers were  employed  at  intervals  in  "  taking  "  groups  of  skaters.  A  brass 
band  has  been  stationed  on  one  of  the  islands,  and  to  its  strains  many  of  the 
skaters  have  indulged  in  waltzing.  On  Wednesday,  Mr.  Geo.  H.  Pattinson, 
chairman  of  the  Urbim  Council,  drove  across  the  ice  in  a  sledge  to  the  shore 
of  Belle  Isle.  His  example  was  afterwards  followed,  and  his  performance  im- 
proved upon  by  a  man  in  the  employ  of  Mr.  John  Crosthwaite,  who,  with  two 
other  gentlemen,  drove  tandem  over  the  ice,  As  night  draws  on,  the  skaters,  of 
course,  get  fewer,  but  some  of  the  more  ardent,  desirous  perhaps  of  enjoying 
the  novelty  and  charm  of  skating  by  moonlight,  have  skated  far  into  the  night. 
To  such,  the  scene  and  the  situation  must  have  been  of  an  impressive  kmd. 
The  ice,  smooth  and  clear,  reflects  the  whitened  hills  like  a  mirror,  and  the  echo 
of  the  ringing  steel  imparts  a  solemnising  effect. 

Mr.  B.  Waters,  writing  from  Bowness  on  March  16th,  said  :  "  The  lake 
is  still  covered  with  thick  ice,  with  only  here  and  there  an  open  space.  A 
gentleman  skated  from  Bownoss  boat-landings  to  Henholme  on  Wednesday 
last,  March  18th." 

In  the  Fen  district  the  ice  was  in  some  places  2  feet  thick. 

At  Oxford  a  coach  and  six  was  driven  over  the  Cherwell.  (A  photograph 
of  this  was  shown  to  the  meeting  on  the  screen.) 

On  the  Grand  Junction  Canal  traffic  was  stopped  for  82  days,  although 
the  ice  boats,  which  are  able  to  break  and  make  a  fair  way  through  ice  7  to 
8  inches  thick,  were  kept  running  as  long  as  possible. 

Ice  on  the  Thames. 

Capt.  D.  Wilson-Barker,  of  H.M.S.  Worcester,  off  Greenhithe,  has  sup- 
plied the  following  notes  as  to  the  ice  on  the  Thames  : — 

**The  ice  floos  began  to  accumulate  at  Greenhithe  (18  miles  below  London) 
on  February  7th,  and  daily  got  thicker  until,  on  the  9th,  nearly  all  commu- 
nication, except  for  an  hour  or  two  at  the  top  of  high  water,  was  completely 
cut  off;  and  it  was  only  by  means  of  a  hawser,  rigged  to  the  shore  from  the 
main  topmast  head,  that  we  could  get  our  mails  off. 

"  From  the  9th  to  the  17th  the  whole  river  was  more  or  less  completely 
blocked  with  ice,  and  there  was  little  traffic,  it  being  quite  impossible  for 
full-powered  steamers  to  force  their  way  up  or  down  except  with  the  tide« 
Barges  were  floating  about  adrift  in  all  directions,  and  the  ice  floes  were  6 
and  7  feet,  and  even  more,  thick.  But  the  ice  was  generally  soft  and 
brashy,  and  it  is  likely  that  much  of  it  was  due  to  the  cartloads  of  snow 
which  were  shot  into  the  river  in  London,  and  which  from  lying  in  the  carts 
had  become  more  or  less  compacted  together,  and  practically  went  into  the 
river  as  a  semi- solid  lump. 
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'*  The  tides  appeared  to  have  heen  affected  to  a  certain  extent,  and  to 
have  been  somewhat  irregular. 

''In  1881,  from  about  January  22nd  to  29th,, the  river  presented  a  some- 
what similar  spectacle,  bat  the  quantity  of  ice  was  not  so  great,  and  com- 
munication with  the  shore  was  much  better  kept  up." 

Earth  Temperatures. 
Table  III.  gives  the  lowest  observed  readings  of  the  earth  thermometers 
at  the  Society's  stations  from  8  inches  to  2  feet  below  the  surface.  From 
this  it  will  be  seen  that  at  the  majority  of  the  stations  the  temperature  at 
1  foot  did  not  fall  much  below  82°.  Three  stations,  however,  report  tem- 
peratures at  1  foot  of  nearly  28°,  viz.  Aspley  Guise,  Lowestoft,  and  Regent's 
Park.  At  the  last  two  of  these  stations  the  thermometers  have  long  tubes 
with  their  scales  some  6  inches  or  more  above  the  surface  of  the  ground 
and  this  construction  does  not  permit  of  verification  at  the  inspection  of  the 
station.  At  the  other  stations  the  thermometers  used  are  those  known  as 
Symons's  pattern,  or  a  modification  of  the  same. 


TABLE  III.— Lowest  Readinos 

OF  THE 

Eabth  Thermometebb  dubino  Fbbboart 

1895. 

3  inches. 

6  inches. 

I  foot. 

2  feet. 

Station. 

Min. 

Date. 

Min. 

Date. 

Min. 

Date. 

Min. 

Date. 

Bounton 

0 

0 

0 
320 

20 

0 

North  Thoresby 

28:4 

II 

308 

14 

32-2 

16 

i't'-i 

i'e 

Somerleyton         

... 

330 

20 

... 

Lowestoft 

... 

... 

... 

28-2 

21 

31-9 

19 

Bennington          

... 

.. 

... 

... 

320 

17 

HodBock 

.. 

... 

32-2 

17 

... 

... 

SouthweU 

... 

.. 

... 

32-0 

12 

... 

Aspley  Guise        

266 

IC 

27*3 

10 

28-4 

14 

32-4 

17 

Berkhamsted        

.. 

... 

306 

14 

32-9 

17 

Regent's  Park      

... 

.. 

... 

... 

28-2 

14 

34'o 

19 

Norwood 

... 

... 

... 

32*1 

17 

Wallington           

... 

.. 

... 

... 

30-4 

18 

... 

... 

Tunbridge  Wells 

... 

31*9 

17 

... 

... 

Marlborongh         

... 

.. 

28*0 

12 

31*0 

17 

... 

Harestock 

... 

.. 

... 

... 

317 

15 

34-4 

27 

Stowell      

.. 

... 

31-0 

15 

Margate 

.. 

317 

15 

326 

17 

... 

... 

Worthing 

... 

.. 

... 

32-8 

18 

... 

... 

Portsmouth          

... 

.. 

... 

... 

32-0 

... 

... 

... 

Bolton        

... 

274       13 

31-0 

13 

33*2 

23 

Rousdon    

... 

,. 

317 

16 

35*5 

22 

TaviRtock 

... 

.• 

32-1   1     18 

334 

23 

... 

Fboz£N  Water  Mains. 

The  frost  will  long  he  rememhercd  for  its  effect  on  the  water  pipes  all 
over  the  country,  in  many  cases  householders  being  without  water  for  more 
than  nine  weeks. 

Mr.  E.  Pritchard,  M.Inst.C.E.,  of  Birmingham,  who  has  been  making 
inquiries  on  this  subject  at  about  60  towns  in  various  parts  of  the  country, 
informs  us  that  mains  have  been  frozen  which  were  laid  so  low  as  8  ft.  8  ins. 
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and  8  ft.  6  ins.  respectively  from  the  surface  of  the  ground  to  the  top  of 
the  pipe.  The  following  are  the  depths  at  which  mains  have  heen  frozen  at 
several  towns ; — 


ft. 

in. 

ft.   in 

Alcester  ... 

••• 

...     2 

6 

London — G.  J. 

W. 

•  •• 

2     4 

Braintree 

••• 

...    2 

6 

Maidenhead 

... 

•  •• 

2     6 

Burnley 

... 

...     2 

6 

Mnsselbnrgh 

•  •• 

•  •• 

8     1 

Bury 

...     8 

0 

Nuneaton 

... 

2    6 

Canterbury 

... 

...     2 

6 

Oxford    ... 

... 

2     8 

Cheltenham 

••• 

...     8 

0 

Rhyl       ... 

2     2 

Chester  ••• 

... 

...     2 

8 

Botherham 

... 

2    6 

Chesterfield 

... 

...     2 

4 

Sale        ... 

• 

8    0 

Coventry 

... 

...     2 

6 

Shrewsbury 

•  a. 

2     6 

Darlaston 

... 

...     2 

8 

Sonthport 

... 

8    0 

Droitwitch 

... 

...     2- 

8 

Sixatford-on-Avon 

... 

2     6 

Dudley    ... 

... 

...     2 

6 

Swansea... 

•  a. 

2    2 

Halifax... 

... 

...     2 

6 

Tamwortfa 

... 

8    8 

Handsworth 

... 

...     2 

6 

Twickenham 

8    4 

Hereford 

••• 

...     8 

6 

Wakefield 

... 

2    2 

Ipswich  ... 

... 

...     8 

0 

Warwick 

•  •* 

2     6 

Kenilworth 

... 

...     2 

8 

Wednesbury 

..• 

2    6 

Kidderminster 

... 

...     2 

4 

West  Bromwich 

... 

2  10 

Leamington 

... 

...     2 

8 

Weston-snper-Mare 

... 

2     8 

Leicester 

... 

...     8 

0 

Worcester 

... 

... 

2    9 

London — E.  L 

w. 

...     8 

2 

Workington 

... 

... 

2     9 

Mr.  W.  B.  Bryan,  M.Inst.C.E.,  the  Engineer  of  the  East  London  Water 
Company,  informs  us  that  **  the  frost  has  been  very  erratic,  and  that  the 
nature  of  the  soil  appears  to  have  had  far  more  to  do  with  the  depth  to 
which  the  frost  penetrated  than  the  intensity  of  the  frost  itself.  In  one  ,case 
the  main  was  frozen  at  8  ft.  2  ins.,  and  in  many  other  cases  of  mains  not 
more  than  2  ft.  in  depth  not  a  single  case  of  freezing  occurred." 

Mr.  J.  Hall,  Assoc.M.Inst.C.E.,  the  Water  Engineer  of  Cheltenham, 
writes  that  "  the  greatest  depth  to  which  the  frost  was  found  to  have  pene- 
trated here  varied  from  2  ft.  9  ins.  to  2  ft.  10  ins.,  but  pipes  have  been 
burst  at  over  8  ft.,  and  water  mains  full  of  ice  have  been  found  at  nearly 
4  ft.  in  depth,  but  there  appears  to  be  some  reason  to  account  for  the  action 
of  the  frost  at  greater  depths  than  2  ft.  9  ins.  In  all  cases  the  main  which 
has  been  burst  or  filled  with  ice  at  the  extreme  depths  has,  mthin  a  short 
disfatice,  been  less  than  2  ft.  from  the  surface,  and  I  am  of  opinion  that  the 
ice  has  boon  formed  in  the  following  manner :  The  water  flowing  through  the 
pipes  has  been  at,  or  very  closely  below,  82°.  When  at  this  temperature  it 
would  be  only  just  prevented  from  freezing  by  being  in  motion.  When  the 
private  supply  pipes  were  frozen  there  would  cease  to  be  any  demand  for 
water  in  the  pipes.  The  water  would  then  become  stationary,  and  crystal- 
lisation would  commence,  resulting  in  the  mains  being  filled  with  ice." 
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In  nearly  all  cases  the  mains  which  were  frozen  were  nnder  6  ins.  in 
diameter. 

It  must  he  borne  in  mind  that  but  little  snow  fell  daring  the  period,  and 
consequently  the  frost  was  able  to  penetrate  into  the  ground  without  check. 

EFF£cts  ON  Animal  and  Vegetabls  Life.  "  * 

The  intense  cold  caused  great  destruction  in  animal  and  vegetable  life. 
Babbits,  hares,  and  game  especially  suffered,  large  numbers  being  frozen, 
and  the  remainder  being  in  a  great  measure  only  kept  alive  by  artificial  food 
on  the  moors  and  fields,  and  in  the  farm  yards.  Deer  left  the  forests  in 
Scotland,  and  came  in  herds  to  the  different  farm  yards,  and  to  the  numerous 
trains  which  were  embedded  in  the  snow,  for  warmth  and  food.  The  spec- 
tacle of  the  seagulls  on  the  Thames  will  not  soon  be  forgotten — how  many 
were  kept  alive  by  food  thrown  on  to  the  ice,  and  how  many  succumbed 
to  cold  and  starvation. 

In  the  vegetable  kingdom  there  has  also  been  great  destruction.  Wall- 
flowers, calceolarias,  and  roses  have  especially  suffered,  and  in  many  places 
have  been  completely  destroyed.  A  great  many  of  the  hardy  shrubs,  such 
as  the  Portugal  laurel  and  euonymus,  have  perished,  and  even  those  which 
have  not  died  have  been  greatly  injured.  The  evergreen  oaks,  so  common 
in  the  south  of  the  United  Kingdom,  have  lost  their  leaves,  a  circumstance 
which  only  occurs  in  the  severest  frost. 

Compabison  with  previous  Fbosts. 

With  the  view  of  comparing  the  late  frost  with  those  of  previous  years, 
we  have  compiled  Table  lY.,  which  shows  for  London  and  its  neighbourhood 
the  number  of  times  in  each  month  of  every  winter  from  1786  to  1895,  the 
maximum  temperature  was  82°  or  below,  25°  or  below,  and  the  lowest 
reading ;  and  also  the  number  of  times  the  minimum  temperature  was  20°  or 
below,  10°  or  below,  and  the  lowest  reading.  The  values  given  in  this  table 
have  been  extracted  from— 

1.  (1786-1807)  Bent's  Meteorological  JoamaU,  Paternoster  Row. 

2.  (1808-1818)  Howard's  ClimaU  of  London,  Plaistow  and  Stratford. 
8.     (1814-1895)  Greenwich  Obse^-vations. 

For  the  purposes  of  this  paper  we  have  considered  the  winter  months  to 
be  November,  December,  January,  February,  and  March. 

On  examining  the  table  it  will  be  seen  that  in  no  single  month  throughout 
the  whole  period  have  there  been  so  many  minima  readings  of  20°  or  below 
as  in  February  1895,  the  nearest  approach  being  in  February  1855  and  in 
January  1881,  when  there  were  10  such  instances;  but  in  each  of  these 
cases  there  were  no  minima  of  10°  or  below,  whilst  in  February  1895  there 
were  two  such  readings. 

On  looking  at  the  number  of  times  the  maximum  was  32°  or  below,  it  will 
be  seen  that  February  1895,  when  there  were  11  such  readings,  has  been 
exceeded  several  times,  viz.  January  1795,  21 ;  January  1818,  15 ; 
January  1814,  25 ;  February  1814,  14;  January  1820,  13  ;  January  1822, 
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TABLE  IV. — NoMBXB  or  Datb,  iv  tbx  asioBBeuBHOOD  of  Loxdox,  wim  trb  Mazdciw 

TeMPSRATUBE  32^  OB  BELOW,  25°  OB  BELOW,  AND  THX   LOWEST   BXADmO ;  ALSO  THB 

Minimum  Tbmpbbatube  20**  ob  below,  10°  ob  below,  and  the  lowest beadino, 
in  each  winteb  fbom  1 786  to  1 895. 


Winters. 


1786-7. 
December 

1788-g. 
November 
December 
January . . 

1791-2. 
December 
January.. 
February 

1793-4- 
January 

1794-5. 
December 
January. 
February 

November 
March 

NovemI 

December 

January 

Decern! 

January.. 

February 

1799-1800. 

December 

January.. 

1801-2. 
November 
December 
January.. 

1802-3. 
January.. 

1803-4. 
December 

1804-5. 
December 
January . . 

1805-6. 
December 

1806-7. 
Janua^.. 
February 

1807-8. 
December 
January . . 
February 
March 

1808-9. 
December 
January . . 
1809-10. 
January.. 
February  I 


Maximum. 


o  s 

•n  s 


Minimum. 


300 

3X*5 
25-5 

26'0 

30-5 
275 
275 

29*0 

305 

21-5 

275 

310 
320 

310 
19-5 

29*0 

195 
295 
28-0 

26*0 

27-5 
305 

32*0 
28-5 

25*0 

31-5 

30-0 
31-0 

295 

31-0 
31-0 

255 
27*0 
29-0 


30-0 
280 

28-0 
320 


22 


20'0 
17-5 


11-5 


17-5 


Winters. 


19-0 


I2'0 

i7'0 
|i8-o 

Imo 
|i8-o 


1810-1. 
December 
January... 

181 1-2. 
December 

1812-3. 
December 
January.. 

1813-4. 

December 

January.. 

February 

March    .. 

1814-S. 
November 
December 
January.. 

18 15-6. 
December 
January 
February 

18 16-7. 

November 

December 

January.. 

1817-8. 
December 
January 
February 

1818-9. 
December 

1819-20. 
December 
January 
February 

1820-1. 
December 
January 
February 

1822-3. 
December 
January 

1824-5. 
February 

1825-^. 
January 

1826-7. 
January 
February 

1827-8. 
January 
February 

1828-9. 
November 
January 
February 


Maximum.   |    Minimum. 


5^ 
{?2 


32-0 
27*0 

300 

aa-o 
23-0 

30'o 

21*0 

23-0 
310 

310 
31-0 
26*0 

30*0 
3x0 
255 

27-0 

24'0 
29'0 

29*0 

305 
29-5 

30-0 

29*0 
26*5 
32*0 

27*0 
27*0 


28-0 
19-0 

32-0 

26*0 

26-5 
28-5 

31*0 
32-0 


24*0 
32*0 


Si 

'22 


I 


14*0 


18-0 
20*0 

19*0 
i6-o 
14-5 


15-0 


19*0 
60 


19*0 


19*0 

"3'5 
4*o 
19-5 


I9'0 

i8*o 
8-5 


9-0, 

i5oi 
i5*o| 


20*0 

17-5 
i7'o 


• 
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TABLE  IV.— NuMBBB  o»  Data  in  thb  NmoHBotntHoon  of  London  with  thb  Maxivum 

TbKPXRATITBK  32°  OB  BBLOW,  25®  OB  BELOW,  AND    THE   LOWEST  BEADINO ;   ALSO  THE 

Minimum  Txmpbbatubb  20°  ob  below,  10°  ob  below,  and  the  lowest  beading, 
IN  EACH  Winter  fbom  1786  to  1895  -  Continued, 


Winters. 

Maximum. 

Minimum. 

Winters. 

Maximum. 

Minimum. 

^ilotf 

■*» 

S^' 

oi 

1 

^^ 

^i 

1 

8^' 

^^ 

s 

•sj 

°d 

1 

'd 

0 

0  a 

1 

°s| 

1 

1829-30. 

0 

1853-4. 

0 

0 

November 

I 

, , 

30'5 

I 

195 

December 

2 

315 

2 

18.0 

December 

II 

, , 

260 

2 

i6'o 

January 

2 

29-8 

2 

13*5 

January 

8 

2 

23-0 

4 

I2'0 

1854-5- 

February 

6 

4 

19*0 

7 

130 

January. . 

6 

275 

2 

l6*2 

1830-1. 

February 

9 

29*4 

10 

II'I 

December 

4 

2 

220 

4 

II'O 

1855-6. 

January 

I 

31-0 

2 

20*0 

December 

4 

23-2 

2 

16-9 

183 1-2. 

i85fr;7. 

January 

4 

310 

, . 

November 

.. 

•  • 

19-4 

February 

I 

32-0 

, , 

December 

2 

31-2 

18-5 

1832-3. 

January.. 

.. 

.. 

20'0 

January 

2 

310 

I 

20'0 

February 

I 

31-6 

20*0 

1834-5- 

1857-8. 

January 

5 

26*0 

I 

17-0 

January.. 

2 

29*0 

.. 

•  • 

1835-6. 

1858-9. 

February 

, , 

,, 

I 

20'0 

November 

I 

30-5 

.. 

•  . 

1836-7. 

185^-60. 

December 

4 

308 

, , 

. . 

December 

6 

28-0 

140 

March    .. 

, , 

I 

.. 

195 

1860-1. 

1837-8. 
November 

December 

4 

28-2 

8-0 

^, 

, , 

I 

20-0 

January.. 

5 

297 

16.0 

January.. 

is 

7 

17-0 

8 

3-0 

1861-2. 

1838-9. 

November 

I 

3i'5 

.. 

.. 

January.. 

I 

320 

I 

19-5 

January.. 

4 

28-4 

.. 

•  • 

March    .. 

2 

19-3 

1863-4. 

1839-40. 

January.. 

3 

28-1 

14-3 

January.. 

2 

26-0 

3 

15-0 

February 

I 

31-5 

•  • 

•  • 

February 

I 

320 

•  • 

*  • 

1864-5. 

1840-1. 

December 

I 

30-5 

17-3 

December 

9 

26*0 

6 

l6*2 

January 

I 

29-4 

19-6 

January 

3 

2 

167 

4 

4-0 

February 

3 

285 

15-5 

February 

8 

251 

3 

12-4 

1866-7. 

1841-2. 

January 

12 

21*2 

6-6 

January.. 

1842-3. 
February 

3 

28-0 

•• 

.. 

1867-8. 
December 

2 

30*8 

2 

26-1 

.. 

January 

4 

30-0 

.. 

•  • 

1843-4. 
January.. 

I 

i8'8 

1868-9. 
January.. 

I 

32'0 

, , 

, , 

February 

1844-5. 
December 

2 
6 

309 

28-2 

I 

20-0 

1869-70. 
December 
January.. 

2 

300 

•• 

19*6 

February 

3 

293 

2 

77 

February 

*6 

277 

19-4 

March    .. 

4 

248 

2 

13-1 

1870-1. 

1846^. 
December 

December 

26-3 

Q-8 

8 

275 

4 

..   |i8-o 

Janniiry 

27*2 

i8-3 

January 

I 

294 

.. 

February 

31-5 

•• 

February 
March    .. 

2 

29*6 

5 

I 

II-2 

..     i6-9 

1871-2. 
December 

287 

i8-6 

1847-8. 
January 

4 

30-2 

I 

..   ,i6-8 

1872-3. 
February 

3i'9 

,, 

.  • 

1848-9. 
January.. 

2 

28*0 

I 

199 

1873-4. 
December 

287 

•  • 

, , 

1849-50. 

February 

30-9 

•• 

•• 

November 

I 

29*7 

, , 

.  • 

1874-5. 

December 

I 

188 

December 

I 

245 

i8-5 

January.. 

*6 

269 

.. 

January. . 

•• 

•• 

.. 

•• 

i8-2 

March    .. 

■  • 

•  • 

I 

..    '20-0I 

1         ' 

'                   1 

NBW  SKIHB8,— VOL,  XXJ, 
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TABLE  lY. — NxTMBER  ov  Days  in  thb  nbiohbourhood  ov  London  with  thb  Maximum 

TeMPEBATUBE  32°  OB  BELOW,  25^  OB  BELOW,  AND  THE  LOWEST  BBADINOB  ;  ALflO  THE 

Minimum  Tempebatube  20°  ob  below,  10°  ob  below,  and  the  lowest  beadinq 
IN  EACH  WiNTEB  FBOM  1 786  TO  iSg^  ^Continued. 


Winters. 

Minimum. 

Winters. 

Maximum. 

Mi-nitnnTn, 

2 
I 
I 

8 
8 

I 

6 

4 

12 

2 

I 

I 
2 

2 
3 

I 

I 

_1_ 

•  • 
2 

1 

"81 

^o-i 

1 

17-4 

12-2 
19-4 

137 
17-2 

127 

16-5 

17-3 
15-5 
197 

18-4 

U 

1 

2 

19-8 
18-9 
187 

i8-3 

13-4 

I2'0 

17-3 

i8-8 

176 
139 

12-8 

6-9 

1875-^. 
December 
January.. 
February 

1878-^. 
December 
January.. 
February 
1879-80. 
December 
January . . 

1880-1. 
January.. 

1882-3. 
December 

1884-5. 
January... 

1885-6. 
January . . 
February 

1886-7. 
December 
January. . 
February 

1887-8. 
November 
December 
February 

0 
31*0 
27-6 
289 

27-4 
261 
30-4 

28-5 
271 

24-6 

291 

319 

29*0 
31-2 

28-8 

26*0 

29*2 
320 

297 

t  • 
2 

3 

I 

■  • 

5 
5 

10 

I 

3 
3 

I 

_3_ 

•  • 

1888-9. 
January. . 
February 
March    . . 

1889-90. 
December 
March    .. 

1 890-1. 
November 
December 
January . . 
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January.. 
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19-0 

287 
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I 
I 

6 
3 

3 
I 

I 
5 

5 

•  • 
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18;  January  1888,  18;  January  1867,  12;  January  1881,  12;  and 
December  1890,  16. 

The  combination  of  such  a  large  number  of  low  maxima  and  minima  tem- 
peratures makes  the  month  of  February  1895  unique,  so  far  as  London  is 
concerned,  since  1786.  The  long  continuance  of  the  frost,  combined  with 
its  severity,  points  to  the  conclusion  that  during  the  last  110  years  the 
winter  of  1894-5  has  only  been  exceeded  by  those  of  181B-4  and  1794-5 ; 
and  it  is  within  the  bounds  of  possibility,  when  we  consider  the  imperfection 
of  the  thermometers  of  those  early  times,  and  the  fact  that  registering 
instruments  had  been  but  recently  invented,  and  were  by  no  means  common, 
that  the  winter  of  1894-5  may  even  have  exceeded  in  severity  the  two 
winters  just  mentioned. 

In  conclusion,  we  have  to  express  our  thanks  to  all  those  gentlemen  who 
have  kindly  favoured  us  with  information,  and  also  to  the  members  of  the 
staff  in  the  Society's  office  for  assistance  in  working  up  the  data. 
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DISCUSSION. 

Mr.  H.  SouTHALL  expressed  his  appreciation  of  the  oareM  maimer  in  which 
the  facts  had  been  marshalled  by  the  authors  of  the  paper.  He  gave  varions 
particulars  conceminjor  the  thickness  of  the  ice  on  the  river  Wye  at  Boss,  during 
some  of  the  severe  winters  from  1789  to  the  present  year,  and  said  that  in  the 
winter  of  1814  snow  fell  to  a  very  great  depth,  covering  the  hedges,  and  by 
alternate  freezing  and  thawing  the  surface  became  so  hard  that  people  walked 
over  hedges  for  miles.  This  cold  period  was  known  in  Boss  as  the  '*  twelve  weeks* 
frost,*'  but,  as  was  the  case  in  the  recent  frost,  there  was  a  break  of  one  week  of 
mild  weather.  The  cold  period  in  the  winter  of  1818-4  commenced  on  December 
26th,  and  terminated  on  March  19th,  a  period  of  84  days,  whilst  in  the  frost  of 
1894-6,  out  of  88  nights,  ending  March  19th,  on  77  there  was  frost  registered, 
the  mean  temperature  of  the  whole  period  being  only  slightly  in  excess  of  that 
recorded  in  1818-4.  The'  effects  of  the  recent  frost  on  vegetation  did  not 
appear  to  have  been  so  disastrous  as  in  some  preceding  periods  of  severe  cold. 

Mr.  G.  L.  Pbinge  said  that  the  temperatures  recorded  at  his  observatory  at 
Growborou^h,  in  Sussex,  774  feet  above  mean  sea  level,  were  the  warmest  in  the 
county  dunng  the  frost.  The  lowest  minimum  in  the  screen  was  12°'8,  and  on 
the  grass  5^*8,  and  at  no  other  time  did  the  thermometer  in  the  screen  fall  below 
14^  The  mean  temperature  of  February  was  27^*4,  and  was  the  lowest  in  anv 
month  during  the  52  years  over  which  his  register  extended  ;  December  1890, 
with  a  mean  of  1^°'4,  being  the  next  lowest,  these  two  months  being  the  only 
instances  of  a  mean  temperature  below  80°.  At  Buxtead  Park,  5  miles  south 
from  Growborough,  and  160  feet  only  above  sea  level,  the  lowest  temperature 
registered  during  the  recent  frost  was  —  4° ;  and  at  Tunbridge  Wells,  which 
was  7  miles  distant  from  Growborough  in  a  north-easterly  direction,  the  ther- 
mometer in  the  screen  registered  4°,  while  an  exposed  thermometer  read  —  1°, 
and  one  on  the  ground  —  18°-2.  From  the  morning  of  January  20th,  1888,  a 
temperature  below  zero  had  not  been  recorded  in  Sussex  (except  on  the  tempera- 
ture of  radiation  from  grass  or  snow)  until  February  1895. 

Mr.  P.  BiCKNELL  said  that  44  days  had  been  given  as  the  number  on  which 
skating  was  allowed  at  Begent*s  Park,  but  in  the  grounds  of  the  Toxopholite 
Society,  where  the  London  Skating  Glub  met,  skating  was  continuous  for  60 
days,  and  the  ice  was  11  inches  thick.  At  Swavesey  Fen,  his  son  measured  the 
ice  and  found  it  to  be  2  feet  thick. 

Mr.  G.  L.  Prince  remarked  that  at  East  Grinstead  the  ice  was  181  inches 
thick,  a  loaded  four-in-hand  had  been  driven  at  a  trot  round  and  round  Hedge- 
court  Lake  to  the  extent  of  about  a  couple  of  miles,  and  not  the  slightest  frac- 
ture was  occasioned. 

Mr.  G.  J.  Symons  said  that  the  burst  water-pipes  appeared  to  be  the  effect  of 
the  lack  of  snow  covering  on  the  ground,  as  the  quantity  of  snow  which  fell 
was  insignificant  and  practically  useless  for  the  purpose  of  protecting  the  soil 
from  the  inroads  of  the  frost.  The  water,  too,  that  was  distributed  into  the 
mains  was  almost  at  a  temperature  of  82°,  and  it  was  hardly  to  be  wondered 
at  that  it  speedily  froze.  It  would  be  interesting  if  some  physicist  would  state 
whether  water  under  pressure  froze  at  the  same  temperature  as  water  not  under 
pressure,  and  what  influence  motion  had  on  the  process  of  freezing. 

Mr.  M.  Jackson  said  that  the  minimum  temperatures  at  Tonbridge,  where  he 
resided,  occurred  on  February  7th  and  8th,  the  readings  being .—  6°-0  and  — 6°*5. 
It  would  be  interesting  to  ascertain  the  cause  of  these  periods  of  severe  cold. 

Mr.  G.  Habdino  said  that  it  was  hardly  correct  to  define  the  recent  frost  as 
extending  from  December  80th  to  March  6th,  seeing  that  there  was  a  week  of 
mild  weather  in  January,  when  the  temperature  was  much  above  the  average. 
It  appeared  to  be  desirable  to  arrive  at  some  decision  as  to  what  should  be  con- 
sidered as  a  frost.  Gonceming  the  question  of  the  freezing  of  water  in  the 
lipes,  it  was  weU  known  that  if  water  is  kept  pelrfectly  still,  its  temperature  can 
le  as  low  as  14°  or  15°;  but  when  stirred  it  immediately  becomes  ice,  and 
the  temperature  rises  to  82°.  It  was  stated  in  the  paper  that  the  recent  frost 
was  the  only  one  in  which  the  number  of  days  in  the  month  of  February  on 
which  the  TninimnTn  temperature  was  below  20°  exceeded  ten ;  but  in  a  table 
printed  in  his  paper  on  the  frost  of  1890-1  the  period  of  January  10th  to  Feb- 
ruary 25th,  1856  was  shown  to  have  had  12  days  with  a  minimum  of  10°  and  less. 
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Mr.  W.  H.  Dines  said  that  he  had  never  before  seen  the  common  furze 
damaged  by  frost  as  it  had  been  this  year.  With  reference  to  the  freezing  of 
water  under  pressure,  increased  pressure  lowered  the  freezing  point,  but  to  so 
slight  an  extent  that  it  could  in  no  way  influence  the  bursting  of  water  mains. 
He  could  not  agree  with  the  authors  in  ascribing  the  high  death-rate  of  March 
to  the  frost.  In  the  first  place  the  death-rate  was  below  the  average  for  the 
first  i^ve  weeks  of  the  cold  weather ;  secondly,  it  reached  its  maximum  some 
time  after  the  thaw  commenced;  and,  the  most  important  point  of  all,  it 
occurred  in  conjunction  with  an  influenza  epidemic,  and  was  due  chiefly  to  the 
diseases  which  always  accompany  influenza,  a  similar  mortality  having  occurred 
from  the  same  cause  in  the  extremely  mild  winter  of  1889-90,  and  again  in 
May  1891. 

Mr.  W.  B.  Tbipp  inquired  whether  the  cold  strong  wind  which  blew  on  the 
evening  of  Sunday,  February  10th,  would  have  been  likely  to  produce  any 
effect  in  reducing  the  ground  temperature,  as  the  water  supply  in  the  neigh- 
bourhood of  Isleworth,  where  he  resided,  ceased  after  that  date. 


SOME  HINTS  ON  PHOTOGRAPHING  CLOUDS. 

By  BIRT  ACRES,  F.R.Met.Soo. 

[Beoeived  March  28th.— Bead  April  17th,  1895.] 

The  increasing  interest  that  is  being  taken  in  the  form,  movement,  and 
measurement  of  clouds,  and  the  undoubted  superiority  of  photography  as  a 
recorder  of  these  phenomena,  must  be  my  excuse  for  describing  my  own 
experiences  of  cloud  photography.  I  shall  not  discuss  the  formation  of 
clouds,  but  only  give  a  few  hints  as  to  the  best  manner  of  securing  success- 
ful photographs  of  the  different  kinds,  although  I  must  confess  to  an  inclina- 
tion to  expatiate  on  the  beauty  and  grandeur  of  the  subject. 

One  of  the  greatest  charms  of  this  much  abused  climate  may  be  found  in 
the  fantastic  forms,  the  subtleties  of  colour,  and  the  delicacy  of  light  and 
shade,  that  follow  each  other  in  rapid  succession  during  unsettled  weather, 
particularly  in  spring  and  early  summer. 

Fortunately,  a  study  of  the  clouds  does  not  involve  expensive  journeys,  as 
the  dweller  in  town  has  almost  equal  opportunities  with  his  more  fortunate 
confrere  in  the  open  country  ;  even  in  the  centre  of  smoky  London  the  most 
magnificent  skyscapes  are  often  met  with — the  very  presence  of  smoke, 
soot,  and  dust  adding  gorgeously  rnddy  tints  which  otherwise  would  be 
absent.  To  the  observer  in  the  heart  of  London,  of  course,  the  view  is 
limited ;  but  even  in  the  most  densely  populated  places  there  is  ample  room 
for  observation  and  enjoyment ;  but  to  appreciate  the  beauties  of  cloud  and 
sky  to  the  full,  it  is  necessary  to  reach  some  open  space  (such  as  the  Thames 
Embankment  or  the  bridges,  for  instance)  in  order  that  the  forms  and  colours 
near  the  horizon  may  be  seen. 

It  is  true  that  photography  cannot  reproduce  the  glorious  colours  seen  in 
nature,  but  with  proper  care  and  skill,  and  the  choice  of  suitable  apparatus, 
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it  may  be  made  to  render  trathfuUj  in  monochrome  the  most  delicate  forms 
and  brilliant  effects  of  light  and  shade.  The  successful  photographing  of 
clouds  is  so  entirely  different  from  the  ordinary  run  of  photographic  work, 
that  very  few  photographers  succeed  in  producing  even  passable  results — 
except  so  far  as  sunset  (sometimes  called  moonlight)  effects  are  concerned, 
which  are  comparatively  easy  by  reason  of  the  enormous  contrasts  of  light 
and  shadow  which  obtain  under  such  conditions.  The  principal  difficulty 
lies  in  the  difference  between  the  visual  intensity  of  colours  and  their 
action  on  a  photographic  plate.  It  is  quite  unnecessary  for  me  to  state 
that  when  a  ray  of  white  light, is  decomposed  by  a  prism,  a  band  of  colours 
is  produced,  ranging  from  red  (the  least  refrangible  ray)  through  orange, 
yellow,  green,  blue,  and  violet,  the  latter  being  the  most  refrangible  ray. 

The  most  luminous  colours  are  yellow  and  orange,  but  if  we  were  to 
expose  an  ordinary  commercial  photographic  plate  to  this  band  of  colours  we 
should  find  that  these  bright  colours,  yellow  and  orange,  had  produced  no 
effect  whatever  on  the  plate,  but  that  all  the  photographic  action  had  taken 
place  in  the  blue  and  violet  bands,  colours  which  to  the  eye  appear  quite 
dark,  so  that  such  a  photograph  would  render  blue  and  violet  as  nearly 
white,  whilst  all  the  other  colours  would  appear  of  one  uniform  blackness. 

If  instead  of  an  ordinary  plate  we  use  one  that  has  been  corrected  for 
colour,  that  is,  by  the  use  of  certain  colouring  matters  made  sensitive  to  the 
luminous  rays,  yellow,  orange,  &c.,  and  expose  it  to  the  same  spectrum  band, 
we  find  that  the  yellow  band  comes  out  as  light  as  blue,  and  green  comes  out 
much  lighter  than  was  the  case  with  the  ordinary  plate.  Now,  by  the  use  of 
suitable  colour  screens,  we  may  cut  off,  or  reduce  in  intensity,  any  desired 
part  of  the  spectrum ;  and  as  in  this  case  we  wish  to  introduce  the  colours 
of  the  spectrum  in  their  correct  monochromatic  value,  we  find  it  necessary  to 
restrain  the  action  .of  the  blue  and  violet,  and  so  must  interpose  a  pure  yellow 
screen.  A  green  screen  is  not  suitable  for  photographic  work,  except  when 
it  is  desired  to  photograph  greens  and  blues  only,  as  the  action  of  green  is 
to  absorb  red  and  orange,  and  so  lower  their  intensity.  Pure  yellow  per- 
mits red,  orange,  yellow,  and  green  to  pass  without  loss  ;  the  blue  and  violet 
being  alone  cut  off. 

Let  us  apply  these  facts  to  the  photographing  of  sky  and  clouds.  We  see 
delicate  clouds  faintly  illuminated  against  a  blue  sky,  but  still  to  the  eye  the 
blue  of  the  sky  looks  many  tones  darker  than  the  cloud  ;  yet,  in  consequence 
of  the  great  photographic  activity  of  blue,  a  photograph  taken  on  an  ordi- 
nary plate,  in  the  usual  way,  fails  to  give  tlje  white  cloud  its  proper  lumin- 
ous value.  But  if  we  employ  a  plate  corrected  for  colour,  and  interpose  a 
pale  yellow  screen  between  the  sensitive  plate  and  the  sky,  it  will  be  found, 
on  developing  the  plate,  that  the  proper  value  of  the  cloud  against  the 
darker  blue  sky  has  been  recorded. 

There  are  many  cases  where  a  screen  is  not  required,  such,  for  instance, 
when  it  is  desired  to  photograph  brilliantly  luminous  cumuli  against  an 
intensely  dark  blue  sky ;  then,  by  giving  a  suitable  exposure,  the  values 
may  often  be  correctly  photographed  even  with  an  ordinary  plate. 
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Afpabatus. — ^I  have  found  a  magazine  hand  camera,  holding  a  dozen 
plates  of  4^  in.  x  8^  in.  size,  most  convenient  for  cloud  work.  I  keep  it 
always  charged  ready,  so  that  if  any  special  cloud  formation  presents  itself* 
I  am  able  to  secure  that  without  difficulty.  Another  advantage  of  the  camera 
held  in  the  hand,  is  that  it  can  be  rapidly  pointed  to  different  parts  of  the 
sky,  or  a  series  of  exposures  c^n  be  made  at  only  a  few  seconds  interval  of 
the  same  mass  of  cloud,  &c.  I  make  a  rule,  however,  to  always  work  with 
a  lens  of  one  focus  for  each  size  camera  ;  thus  my  lens  for  4^  in.  X  B^  in. 
size  plate  is  6  inches  focus,  and  my  lens  for  12  in.  X  10  in«  camera  is 
18  inches.  My  object  in  doing  this  is  so  that  I  can  always  ascertain  the 
angular  measurements  of  clouds,  whereas  if  I  used  lenses  of  various  foci,  it 
would  necessitate  marking  the  negative  with  the  focus  of  the  lens,  and  conse- 
quently comparisons  between  one  negative  and  another  would  not  be  so  easy 
as  at  present. 

A  lens  of  the  rectilinear  type  will  be  found  the  most  useful,  stopped  down 
according  to  the  rapidity  of  the  plate,  the  intensity  of  the  light,  and  the 
depth  of  colour  of  screen  (if  any)  employed.  It  is  not  possible  to  give 
even  an  approximate  idea  of  correct  exposure,  as  I  have  sometimes  given  an 
exposure  of  one-thousandth  part  of  a  second  and  secured  good  results, 
when  only  white  streaks  on  blue  had  to  be  dealt  with ;  and  in  other  oases  I 
have  given  several  seconds  to  secure  a  delicate  cirrus  cloud,  employing  a 
Nicol  prism. 

PLiiTES. — I  prefer  for  general  cloud  work  plates  that  are  known  commer- 
cially as  **  Isochromatic,**  and  the  rapidity  that  I  have  found  most  useful  is 
the  "  medium  rapidity.'* 

Exposure  and  Developbient. — I  have  just  said  that  it  is  not  possible  to 
give  any  idea  of  correct  exposure,  but  I  want  to  insist  on  the  necessity  of 
full  exposure.  I  know  that  I  am  not  in  accord  with  most  workers  in  re- 
commending this ;  but  experience  has  taught  me  that  with  a  good  moderately 
slow  plate  better  results  are  obtained  by  fuUy  exposing  the  plate  and  de- 
veloping with  judgment,  than  can  possibly  be  obtained  by  aiming  at  a 
mathematically  correct  exposure. 

I  make  it  a  rule  always  to  back  the  plates,  that  is  to  coat  the  glass  side  with 
some  substance  that  will  absorb  any  light  that  may  pass  through  the  film,  as 
unless  this  be  done  the  light  that  passes  through  the  film  will  be  reflected  by  the 
under  surface  of  the  glass  back  to  the  film,  and  produce  a  blurred  definition — 
technically  known  as  '*  halation."  The  amount  of  blur  being  dependent  on 
the  strength  and  contrast  of  the  lights  and  shadows,  I  usually  employ  for 
this  purpose  bitumen  dissolved  in 'benzene,  which,  in  addition  to  being  very 
effective  in  absorbing  light,  has  the  advantage  of  drying  very  rapidly,  so 
that  the  plate  can  at  once  be  placed  in  the  dark  slide.  Further,  the  vapour 
of  benzene  does  not  produce  any  deleterious  effect  on  the  sensitive  plate.  In 
no  case  should  any  compound  be  used  which  contains  turpentine,  as  the 
vapour  of  turpentine  will  cause  the  plate  to  become  hopelessly  fogged ;  and 
as  this  vapour  has  an  affinity  for  wood,  the  dark  slide  will  be  rendered 
useless,  unless  it  is  carefully  coated  with  an  alcoholic  solution  of  shellac,  or  is 
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placed  in  the  open  air  for  a  week  or  so.  Bates*s  black,  which  may  be  ob- 
tained from  any  dealer  in  photographic  material,  is  a  convenient  form  of 
backing,  and  in  cases  where  it  is  intended  to  expose  the  plate  immediately, 
burnt  sienna  ground  in  water,  which  may  be  obtained  at  any  oil  shop,  is 
most  effective.  This  latter  backing  possesses  the  advantage  of  being  easily 
removed  with  a  wet  sponge  before  developing  the  plate ;  bat  it  will  not  pro- 
duce any  deleterious  efifect  if  it  is  left  on  the  plate  daring  development.  To 
remove  the  bitumen  or  Bates*s  black,  use  a  little  benzene  on  a  sponge.  It 
is  only  necessary  to  remove  enough  of  the  backing  to  enable  the  opacity  of 
the  negative  to  be  judged  by  transmitted  light,  the  final  cleaning  of  the  plate 
may  be  left  until  after  it  has  been  washed  and  dried. 

If  it  is  desired  to  coat  plates  with  burnt  sienna  for  use  at  some  future 
time,  it  is  advisable  to  add  a  little  gum  arabic  and  glycerine  to  prevent  the 
pigment  drying  up  and  powdering  off,  thus  producing  dust  in  the  dark  slide, 
which  would  cause  myriads  of  pin  holes  in  the  finished  negative.  A  prepa- 
ration of  caramel  has  been  recommended  for  backing  plates ;  but  I  have 
found  bitumen  or  burnt  sienna  thoroughly  satisfactory. 

As  it  is  of  the  utmost  importance  that  none  of  the  material  used  for 
backing  should  get  on  to  the  sur&ce  of  the  film,  the  easiest  way  is  to  lay 
the  plate  face  downwards  in  the  dark  slide  and  then  carefully  paint  the  back 
with  a  camel's  hair  brush,  if  bitumen  is  used,  or  a  moistened  sponge  or 
piece  of  clean  rag  if  burnt  sienna  is  used.  When  a  plate  is  backed  a  much 
more  prolonged  exposure  may  be  given  than  is  permissible  with  an  unbacked 
plate. 

Developbcbmt. — Before  commencing  to  develop  a  plate  see  that  the  dark 
room  light  is  safe,  that  is  to  say,  if  you  are  using  a  plate  sensitive  to  yellow 
and  orange,  the  medium  through  which  the  light  is  filtered,  be  it  glass  or 
fabric,  should  be  as  nearly  pure  red  as  possible.  Ruby  glass  cannot  be 
relied  upon  for  the  purpose.  I  have  examined  large  quantities  of  ruby  glass 
with  the  spectroscope,  and  I  have  invariably  found  that  it  lets  through  a 
large  quantity  of  yellow  and  green  light,  to  say  nothing  of  orange.  The 
best  medium  that  I  have  come  across  is  the  geranium  red  paper  sold  by 
dealers  in  photographic  materials.  If  ordinary  plates  are  used,  two  thick- 
nesses of  '<  canary  medium  *'  will  answer  well  with  artificial  light — daylight 
is  too  uncertain  to  be  used  for  the  source  of  illumination  of  the  dark  room. 

Proceeding  to  develop  the  plate,  I  first  prepare  in  addition  to  the  normal 
developer  a  second  developer  strongly  restrained  with  bromide,  the  quantity 
of  extra  bromide  depending  largely  on  the  class  of  negatives  to  be  developed. 

The'  normal  developer  I  mix  as  follows : — 

Pyrogallic  Acid     2  grains 

Liq.  Ammonia  *889      ...  2  min. 

Potassium  Bromide      ...  One  or  two  drops  of  a  10%  solution 

Water 1  oz. 

To  make  the  restrained  developer,  I  double  the  quantities  of  pyrogallic 
acid  and  ammonia,  and  add  from  15  to  80  drops  of  the  10  7o  solution  of 
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potassium  bromide.  In  addition  to  this  I  keep  handy  a  10  7o  solution  of 
potassium  bromide  in  a  dropping  bottle. 

I  now  proceed  to  flood  the  plate  with  the  normal  developer,  and  closely  watch 
the  result :  if  the  image  comes  up  steadily  and  correctly,  I  do  not  make  any 
modification ;  but  if  it  rushes  up  and  the  plate  begins  to  blacken  all  over,  I 
quickly  pour  this  developer  away  and,  without  stopping  to  rinse  the  plate, 
pour  on  the  restrained  developer,  and  let  it  act  until  the  image  as  seen  by 
transmitted  light  has  gained  vigour.  If  the  image  then  appears  too  strong 
in  contrast,  I  rinse  the  plate  well  and  allow  it  to  remain  in  water  for  a  short 
time,  or  apply  a  fresh  solution  of  the  normal  developer  without  any  bromide, 
according  to  the  appearance  of  the  plate.  But  usually  allowing  the  plate  to 
remain  in  clean  water  is  the  most  effective  method,  as  the  film  generally 
holds  sufficient  developer  to  enable  the  plate  to  gain  more  detail;  and  there 
is  less  risk  of  getting  the  image  too  opaque,  as  is  often  the  case  when  fresh 
strong  developer  is  used  after  a  highly  restrained  one.  When  the  image  does 
not  show  up  at  its  proper  time  after  applying  the  normal  developer,  I  usually 
dilute  the  developer  with  water  according  to  circumstances,  in  some  cases 
putting  ten  times  as  much  water  as  developer.  In  this  way  I  have  some- 
times been  able  to  save  a  plate  that  seemed  hopelessly  under-exposed. 

In  developing  negatives  of  brilliantly  lighted  cumulus  clouds,  the  great- 
est care  must  be  taken  to  prevent  the  image  becoming  too  opaque,  particu- 
larly if  a  colour  sensitive  plate  and  a  yellow  screen  have  been  employed ; 
otherwise  in  the  resulting  photograph  the  blue  of  the  sky  will  appear  quite 
black,  whilst  the  delicate  half  tones  in  the  higher  lights  will  be  lost.  For 
such  subjects  it  is  better  to  dilute  the  normal  developer  with  two  or  three 
times  its  bulk  of  water.  Going  to  the  opposite  extreme,  in  developing  a 
negative  of  the  delicate  cirrus  clouds,  it  is  often  desirable  to  commence  with 
the  highly  restrained  developer  previously  mentioned,  otherwise  it  is  difficult 
to  produce  any  contrast  between  the  clouds  and  the  sky,  even  when  a  colour 
sensitive  plate  and  a  yellow  screen  have  been  used. 

SoBEENS. — It  is  necessary  to  point  out  that  ordinary  pieces  of  glass  are  not 
suitable  for  colour  screens — the  glass  must  be  optically  worked  with  suriG^ces 
absolutely  parallel  to  each  other. 

NiooL  Pbism. — So  far  I  have  only  treated  of  photographing  clouds  by  means 
of  colour  sensitive  plates  and  suitable  screens,  but  I  have  found  these  to  fail 
sometimes  when  trying  to  photograph  some  of  the  almost  invisible  cirrus 
clouds ;  and  as  I  had  been  impressed  with  the  curious  phenomena  that  are 
presented  to  the  eye  when  the  sky  is  examined  through  a  Nicol  prism,  I  have 
used  such  a  prism  with  the  lens.  Briefly  described,  the  effect  which  takes 
place  is  this :  when  the  Nicol  prism  is  pointed  to  the  sky  and  revolved  slowly 
round,  it  wiU  be  found  that  in  some  positions  the  blue  sky  light  is  much 
reduced  in  intensity — in  fact  appears  to  change  colour ;  but  any  clouds  that 
may  be  in  the  field  of  view  are  not  affected  in  this  way — the  light  from 
them  is  not  quenched,  hence  they  appear  to  stand  out  brilliantly  white 
against  the  dark  sky.  More  careful  observation  of  the  position  in  which 
the  Nicol  prism  most  effectively  quenches  the  sky  light  will  show  that  the 
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maximom  effect  takes  place  when  the  prism  is  held  so  that  its  longer 
diagonal  is  at  right  angles  to  an  imaginary  line  drawn  from  the  son  to 
the  part  of  the  sky  examined ;  that  is,  if  the  prism  is  pointed  to  a  part  of 
the  sky  at  the  same  elevation  as  the  sun,  hut  to  left  or  right  of  it,  the  maxi- 
mum effect  of  cutting  off  sky  light  takes  place  when  the  longer  diagonal  is 
perpendicular.  But  if  a  part  of  the  sky  above  or  below  the  sun  is  examined, 
then  the  maximum  effect  is  found  when  the  longer  diagonal  of  the  prism  is  held 
horizontally ;  intermediate  points  between  these  would  necessitate  it  being 
held  in  the  same  relative  position  to  the  sun.  This  phenomenon  is  most 
marked  when  a  part  of  the  sky  at  right  angles  to  the  sun  is  examined. 
Having  noted  this  effect,  I  naturally  turned  it  to  account  in  photographing 
clouds,  and  was  rewarded  by  obtaining  some  remarkable  results.  It  is 
hardly  necessary  to  state  that  the  reason  the  Nicol  prism  cuts  off  the  sky 
light  in  some  positions  is  that  the  light  is  polarised.  If  ordinary  unpolar- 
ised  light  be  examined,  no  difference  will  be  found  in  whatever  position  the 
Nicol  prism  is  held.  This  accounts  for  the  fact  that  the  clouds  stand  out 
brilliantly  when  the  sky  light  is  cut  off.  The  light  from  the  cloud  is  not 
polarised,  hence  it  passes  freely  through  the  prism  in  any  direction. 

I  have  omitted  to  mention  that  a  useful  piece  of  apparatus  is  a  perfectly 
plain  optically  worked  black  glass  mirror,  set  in  front  of  the  lens.  This 
seems  to  perform  two  functions,  partly  acting  as  an  analyser,  cutting  off  the 
polarised  light  of  the  sky,  and  partly  as  an  absorbent,  the  blue  sky  light 
seeming  to  be  more  absorbed  than  the  white  light  from  the  clouds. 


DISCUSSION. 

Capt.  D.  Wilson-Barkbr,  in  a  note  to  the  Secretary,  said:—"  Mr.  Birt  Acres' 
paper  is  an  extremely  interesting  one  from  the  pictorial  and  photographic  side 
of  the  cloud  c^^uestion,  although  I  must  take  exception  to  some  of  his  remarks 
on  the  formation  of  clouds.  No  remarks  can  add  to  the  use  of  the  polarising 
appliance  for  cloud  photography  after  the  beautiful  pictures  he  has  shown  on 
the  screen  to  prove  this  point.  I  should,  however,  like  to  point  out  that  I  was 
using  screens  as  early  as  1887,  placed  at  the  back  of  the  lens.  The  screens 
were  formed  by  exceedingly  thin  films  of  mica,  which  can  be  obtained  of  almost 
any  colour  and  transparency.  Mine  were  specially  prepared  for  me  through 
the  kindness  of  Mr.  Wiggins,  the  well-known  mica  merchant,  and  the  results 
obtained  by  using  these  screens  on  the  upper  clouds,  using  the  ordinary  plates, 
was  a  decided  improvement  on  working  without  the  screens.  My  custom  is  to 
use  a  small  stop  and  instantaneous  exposure,  ^  of  a  second  or  thereabouts,  and 
develop  slowly  with  an  iron  developer.  In  the  case  of  the  cirrus  and  other 
thin  clouds,  it  is  almost  impossible  to  tell  when  the  plate  is  exactly  developed, 
and  a  certain  amount  of  guessing,  corrected  of  course  by  experience,  is  neces- 
sary when  removing  from  the  developer.  Printing  under  green  glass  pften 
improves  the  results.  I  quite  agree  that  a  hand  camera  is  the  best  for  obtaining 
cloud  snap  shots,  as  it  can  be  used  instantly  and  pointed  anywhere  to  the  sky 
without  trouble." 
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THE  MOTION  OF  CLOUDS  CONSIDERED  WITH  REFERENCE 
TO  THEIR  MODE  OF  FORMATION. 

By  W.  N,  SHAW,  M.A.,  F.R.S. 

A  Lecture  delivered  before  the  Royal  Meteorological  Society, 
March  20th,  1895. 


The  mvitaiion  to  take  up  the  rosponsible  position  which  I  hold  to-night 
has  placed  me  in  a  situation  of  great  embarrassment.  The  only  reason 
which  could  in  any  way  justify  my  accepting  the  invitation  amounts  to  this, 
that  the  science  of  Meteorology  may  be  regarded  as  the  Physics  of  the 
Earth's  atmosphere,  and  (from  circumstances  over  which  I  have  had  very 
little  control)  one  of  my  daily  duties  is  to  expound  the  elementary  principles 
of  Physics  to  a  succession  of  members  of  the  rising  generation. 

My  embarrassment  arises  from  two  sources.  First,  that  in  undertaking  to 
deal  with  the  apphcation  of  Physics  to  Meteorology,  I  am  allowing  myself  to 
face  the  facts  of  nature  in  some  of  their  most  perplexing  and  difficult  forms. 
Now  as  teachers  of  Physics  we  are  accustomed  to  arrange  subjects  in  such  a 
way  that  we  can  manage  them.  We  simplify  the  conditions  until  we  can 
deal  with  the  facts.  We  have  an  authority  for  doing  so  which  is  very  high 
and  very  much  respected.  The  greatest  of  ancient  philosophers  in  giving 
directions  for  instructing  the  youth  in  Astronomy  (a  kindred  study),  writes 
in  the  seventh  book  of  the  Republic : — *'  And  do  you  not  think  that  the 
genuine  astronomer  will  view  with  the  same  feelings  the  motion  of  the  stars  7 
That  is  to  say,  will  he  not  regard  the  heaven  itself,  and  the  bodies  which  it 
contains,  as  framed  by  the  heavenly  architect  with  the  utmost  beauty  of 
which  such  works  are  susceptible  7  But  as  to  the  proportion  which  the  day 
bears  to  the  night,  both  to  the  month,  the  month  to  the  year,  and  the  other 
stars  to  the  sun  and  moon,  and  to  one  another, — will  he  not,  think  you,  look 
down  upon  the  man  who  believes  such  corporeal  and  visible  objects  to  be 
changeless  and  exempt  from  all  perturbations  ;  and  will  he  not  hold  it  absurd 
to  bestow  extraordinary  pains  on  the  endeavour  to  apprehend  their  true  con- 
dition 7  Hence  we  shall  pursue  astronomy  with  the  help  ^f  problems,  just 
as  we  pursue  geometry  ;  but  we  shall  let  the  heavenly  bodies  alone,  if  it  be 
our  design  to  become  really  acquainted  with  astronomy,  and  by  that  means 
to  convert  the  natural  intelligence  of  the  soul  from  a  useless  into  a  useful 
possession." 

Such  is  Plato's  idea  of  the  proper  method  of  teaching  astronomy.  We 
teach  the  principles  of  Meteorology  after  a  method  not  dissimilar.  Through- 
out history,  for  the  purpose  of  teaching  Physics,  Nature  has  been,  if  not 
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eonventionalised,  at  least  limited  by  careful  selection  of  the  facts.  Bat 
the  facts  of  your  science  langh  at  the  limitations  which  the  physicist  wonld 
like  to  impose,  and  I  find  myself  suddenly  confronted  with  your  real  atmos- 
phere, with  its  moistore,  its  dost,  its  warming  and  its  cooling,  its  electricity, 
and  I  know  not  what  besides  (far  different  from  the  ideal  atmosphere  of  a 
laboratory  or  a  lectore  room).  Yon  will,  I  hope,  be  tolerant  if  the  result  is 
merely  cloud  or  fog. 

Secondly,  I  have  in  my  daily  routine  the  advantage  of  addressing  an 
audience  not  less  ignorant  of  the  subject  matter  than  myself.  To-night  the 
relations  are  reversed,  and  I  have,  unfortunately  for  myself  and  for  you,  to 
address,  from  the  point  of  view  of  ignorance,  an  audience  of  experts.  It  is 
too  late  now  to  withdraw  or  aller^  but  may  I  take  the  liberty  to  suggest  that 
if  you  should  on  any  future  occasion  be  kind  enough  to  ask  the  co-opera- 
tion of  a  mere  pedagogue  in  Physics  like  myself,  you  should  ask  him  not  to 
give  a  lecture  which  must  infallibly  betray  his  own  ignorance,  but  to  set  an 
examination  paper  in  the  subject.  I  feel  certain  that  it  would  be  easy  to 
ask  some  questions  which  you  would  all  regard  as  interesting,  and  while  you 
wrote  the  answers,  I  should  have  no  difficulty  in  sitting  here  to  see  that  no 
one  copied ;  if  the  answers  were  good  enough  to  deserve  full  marks,  they 
would  do  more  for  the  development  of  your  science  than  I  could  do  in  a 
lifetime  of  lecturing. 

The  department  of  your  subject  to  which  I  wish  to  call  your  attention  is 
the  motion  of  clouds,  and  in  particular  the  consideration  of  the  question 
whether  the  motion  of  the  cloud  really  indicates  the  motion  of  the  air  in 
which  the  cloud  is  formed.  The  question  is  an  important  one,  for  so  much 
of  our  information  about  what  is  going  on  in  the  upper  strata  of 
the  atmosphere  depends  upon  observations  of  cloud  and  cloud  motion. 
It  arises,  so  far  as  I  am  concerned,  from  some  dilettante  attempts 
to  deduce  the  motion  of  air  masses  from  the  shapes  of  clouds,  and  if 
possible  to  picture  the  conditions  of  motion.  To  illustrate  my  meaning,  I 
will  take  the  liberty  of  putting  before  you  some  specific  instances  in  which 
the  motion  of  air  seems  not  properly  indicated  by  the  clouds.  The  most 
conspicuous  and  typical  is  the  case  of  the  mountain  cloud-cap.  There  is,  I 
suppose,  nothing  in  nature  which  looks  so  absolutely  peaceful  and  at  rest  as 
the  cloud  which  surrounds  a  mountain  top  on  a  bright  summer  day.  But 
in  the  cloud  itself  there  is  quite  another  state  of  things.  No  one  who  has 
experienced  it  need  be  reminded  that  the  apparent  rest  is  really  compatible 
with  a  strong,  cold,  unpleasant  wind  carrying  tlie  fog  with  it,  apparently,  so 
long  as  you  are  close  enough  to  see  separate  parts.  The  doud-cap  really 
defines  a  locality  where  cloud  is  formed  in  the  wind  as  it  travels  past  the 
top  ;  a  little  beyond  the  top  the  cloud  disappears. 

I  have  sometimes  noticed  phenomena  in  the  case  of  ordinary  fog  which  I 
put  into  the  same  class.  I  will  not  inflict  upon  you  a  photograph  of  a  fog, 
but  merely  mention  a  particular  observation.  In  a  thick  fog,  lasting  a 
whole  day  of  last  winter,  in  Cambridge,  I  had  occasion  to  pass  and  repass 
certain  streets  in  the  course  of  the  day.    There  were  certain  localities  all 
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incladod  within  a  half  mile  on  the  same  level  in  which  the  fog  was  always 
conspicuously  lighter  than  elsewhere.  The  motion  of  a  fog  is  no  doaht 
very  slow,  but  I  do  not  think  it  is  entirely  absent,  and  I  regard  those  localities 
as  positions  in  which  the  fog  thinned  from  evaporation  while  the  air  passed 
over  them.  But  I  cannot  explain  why  it  should  do  so,  any  more  than  I  can 
explain  the  limits  set  to  the  cloud-cap. 

The  third  instance  is  a  cloud  that  grew  from  a  small  cumulus  into  a 
thunder  cloud.  It  has,  I  believe,  frequently  been  observed  that  thunder 
clouds  come  up  against  the  wind.  I  have  heard  the  apparent  motion  attri- 
buted to  an  upper  current  of  air.  I  regard  it  myself  not  as  a  moving  of  the 
cloud  either  against  the  wind  or  with  an  opposing  upper  current,  but  as  the 
formation  of  fresh  clouds  in  positions  successively  more  and  more  to  wind- 
ward. On  the  screen  is  a  photograph  of  a  cloud  that  developed  itself  above 
a  village  in  the  Gulf  of  Genoa  in  a  somewhat  peculiar  manner.  It  started 
as  an  ordinary  cumulus  above  the  hill  at  the  back  of  the  village,  and  grew 
out  as  a  long  horizontal  strip  of  cloud.  Here  the  cloud  had  a  growing 
point  like  a  plant,  but  did  not  move  as  a  whole.  It  developed  in  a  few 
hours  into  a  thunder  cloud,  and  ultimately  disappeared  with  a  thunderstorm. 

The  fourth  example  is  shown  in  a  group  of  cumulus  clouds.  It  is  well 
known  that  a  cumulus  cloud  is  the  cap  of  a  rising  column  of  vapour-laden 
air,  and  the  lower  surface  of  the  cumulus  marks  the  height  at  which  con- 
densation begins.  But  the  ascent  of  air  in  one  part  corresponds  to  its 
descent  in  other  parts,  and  consequently  the  question  one  naturally  asks 
one's  self  on  seeing  a  cumulus  is:  ''Where  is  the  air  coming  down?"  In 
most  cases  it  is  difficult  to  give  an  answer.  Take  for  instance  a  sky  full  of 
small  cumulus  clouds.  It  would  appear  necessary  that  the  spaces  between 
the  cumulus  clouds  should  be  occupied  by  descending  air,  and  the  air  circula- 
tion that  is  in  progress  in  such  a  sky  must  be  a  very  complicated  one;  but 
the  only  motion  apparent  is  the  steady  horizontal  progression  of  the  cumulus 
clouds  across  the  sky,  which  gives  but  a  faint  impression  of  the  real  motion. 
I  once  watched  such  a  sky  form  on  a  bright  morning  above  the  narrow  neck 
of  land  that  forms  the  St.  Ives  promontory  in  Cornwall;  the  cumulus 
clouds  travelled  with  a  North  wind,  and  formed  initially  over  the  land 
alone.  It  was  difficult  not  to  attribute  the  initial  formation  to  the  sun's 
heat  on  the  narrow  strip  of  land,  but  the  clouds  persisted  as  they 
travelled  out  to  seaward  in  the  south,  and  eventually  the  sky  became  over- 
cast. In  this  case  vertical  motion  was  clearly  indicated  by  the  shape  and 
grouping  of  the  clouds,  whatever  may  have  been  the  horizontal  motion. 

On  the  other  hand,  I  have  endeavoured  on  some  occasions  to  measure  the 
rate  of  travel  of  cloud  shadows,  hoping  thereby  to  deduce  the  velocity  of 
the  upper  strata  of  air.  The  most  suitable  occasion  is  generally  when  a 
North-west  wind  is  driving  the  scud  of  a  cyclone  across  bright  sunshine. 
My  measurements  have  been  very  rough,  and  have  generally  come  out  about 
40  miles  an  hour.  This  seemed  so  reasonable  and  satisfactory,  that  it 
was  difficult  to  think  that  one  had  not  some  definite  air-motion  indi- 
cated by  the  observed  motion  of  the  clouds.     Of  course  vertical  motion 
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wonld  not  be  specifically  indicated,  bat  it  would  probably  be  small  compared 
with  the  rapid  horizontal  motion,  and  its  neglect  would  not  be  serious. 

We  may  get  a  little  light  thrown  upon  the  subject  by  considering  for  a 
moment  the  artificial  clouds  formed  by  the  discharge  of  steam  and  smoke 
from  chimnies.  An  observer,  unacquainted  with  the  habits  of  locomotives, 
who  measured  the  velocity  of  a  distant  but  well-marked  cloud  of  familiar 
shape,  and  supposed  he  had  measured  the  velocity  of  air,  would  be  clearly 
wrong;  he  would  really  have  measured  the  velocity  of  the  funnel  of  the 
locomotive.  That  may  be  actually  what  one  measures  in  the  case  of  cumulus. 
On  the  other  hand,  a  smoke  puff  emitted  from  a  stationary  chimney  moves 
with  the  wind  (making  a  small  allowance  for  the  effect  of  gravity),  and  the 
same  is  true  of  steam  if  one  is  near  enough  to  see  the  motion  of  the  separate 
puffs  of  steam,  but  not  otherwise.  To  sum  up  this  part  of  my  subject,  we 
may  say  that,  although  a  motion  of  cloud  does  indicate  part,  in  some  cases 
nearly  the  whole,  of  the  truth  as  regards  air  motion,  in  others  the  visible 
cloud  boundaries  show  merely  the  limits  of  position  in  which  condensation 
is  taking  place  or  disappearing,  and  the  change  of  these  positions  is  not 
necessarily  an  indication  of  the  motion  of  the  air  in  which  these  clouds  are 
formed. 

Let  us  then  proceed  to  examine  the  causes  of  the  formation  of  cloud,  and 
see  whether  they  will  throw  such  hght  upon  the  subject  as  will  enable  us 
to  distinguish  between  the  cases. 

There  are  two  recognised  causes  of  formation  of  cloud. 

I.     The  mixing  of  two  currents  of  different  temperatures. 

n.     The  so-called  dynamical  cooling  of  air  by  diminishing  the  pressure. 

It  is  assumed  by  many  writers  that  clouds  are  formed  by  the  mingling  of 
currents  moving  in  opposite  or  different  directions  at  difierent  altitudes. 
Now  I  will  not,  in  the  presence  of  so  many  meteorologists,  deny  the  possi- 
bility of  such  a  state  of  things,  but  I  will  merely  ask  in  what  direction  you 
would  expect  a  cloud  so  formed  to  move?  Suppose,  for  example,  the 
currents  to  be  north  and  south  respectively:  will  the  cloud  formed  by 
mixing  move  north  or  south,  or  east  or  west  ?  The  cloud  would  surely  be 
formed  in  the  ''no  man's  land"  between  the  two  prevailing  currents,  and 
its  motion  would  be  entirely  misleading  if  regarded  as  an  indication  of  the 
motion  of  either.  We  should  not  therefore  expect  to  get  indications  of  air 
motion  from  observations  of  clouds  in  such  a  case.  The  real  fact  is  that 
conditions  would  have  to  be  very  peculiar  for  such  an  arrangement  to  take 
place.  Probably  most  of  the  meteorological  phenomena  we  observe  take 
place  in  the  stratum  intermediate  between  the  streams  of  prevailing  air 
currents.  In  such  a  case  as  that  indicated  above  there  would  be  what  might 
be  called  discontinuity  in  the  motion  of  the  air  at  successive  levels ;  and 
though  a  cloud  might  fairly  bo  supposed  to  move  for  some  distance  with  its 
air,  it  is  difficult  to  say  what  inference  could  bo  drawn  from  any  particular 
observation. 

Another  example  of  the  formation  of  cloud  when  there  is  discontinuity  of 
motion  is  given  by  ground  fogs.     They  arise,  I  suppose,  in  two  cases  ;— 
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I.  When  eold  air  passes  over  a  warm  moist  region,  either  a  pond  or 
moist  ground ;  and  these  are  strictly  analogous  to  the  steam  formation  over 
a  pan  of  hot  water.  The  fog  is  then  localised  by  the  representative  of  the 
pan,  and  belongs  to  the  doad-cap  class  of  clouds.  Fragments  of  cloud  may 
move  with  the  air,  but  such  fragments  often  disappear  rapidly,  and  the 
whole  cloud  viewed  from  a  distance  would  appear  stationary. 

n.    When  warm  moist  air  passes  over  a  cold  surface. 

This  case  is  illustrated  by  the  fog,  which  I  understand  is  apt  to  surround 
icebergs.  Here  again  the  cloud  is  localised  by  the  iceberg  or  its  equivalent, 
and  is  apparently  stationary.    It  belongs  again  to  the  cloud-cap  class. 

I  can,  however,  imagine  a  case  in  which  mixing  might  take  place  when 
the  motion  of  cloud  would  indicate  the  motion  of  air,  provided  I  may 
assume  that  the  vertical  motion  is  a  very  important  element  in  defining  the 
direction  of  air  currents,  in  the  regions  between  the  centres  of  the  rising  and 
falling  streams ;  and  I  should  like  to  show  you  how  very  easily  vertical 
motion  is  produced  in  air.  The  smallest  difiference  of  temperature  is  sufB- 
dent  to  cause  a  change  of  density  which  gives  rise  to  vertical  motion. 
[This  was  shown  by  means  of  a  paper  spiral  suspended  by  a  silk  fibre.] 
Let  us  consider  what  would  happen  to  the  air  over  an  area  strongly  heated 
by  the  sun's  rays ;  we  should  have  a  sort  of  chimney  with  air  coming  in  all 
round  the  base.  Such  an  arrangement  may  be  the  one  which  in  reality 
occurs  when  a  cyclone  is  formed,  the  air  supplying  the  currents  at  the  base 
will  be  drawn  frt)m  warm  moist  regions  in  the  south  or  west,  and  from 
cold  dry  regions  in  the  north  or  east.  Where  they  meet  they  will  not 
probably  ascend  vertically,  as  in  the  case  of  an  ordinary  chimney,  but  be 
wrapped  up  together  in  spiral  streams.  Where  cold  and  warm  currents  are 
side  by  side,  cloud  will  be  formed  by  the  mingling  of  the  streams  of  air.  At 
the  boundary  of  this  region,  where  the  cold  air  is  beginning  to  predominate 
there  may  be  detached  clouds  travelling  with  the  spiral  motion  and  fairly 
indicating  the  motion  of  the  air  ;  such  motion  will  be  nearly  horizontal  if  the 
area  of  the  cyclone  is  large.  It  is  perhaps  carrying  speculation  too  far  to 
suggest  that  the  scud  which  comes  with  the  North-west  wind  at  the  tul  of  a 
cyclone  marks  the  limiting  position  of  the  mixing  of  the  warm  Southerly 
current  with  the  cold  Northerly  one  ;  but  I  believe  that  the  explanation  of 
the  phenomenon  may  be  found  in  that  direction.  It  does  not  seem  impos- 
sible to  work  out  a  consistent  and  satisfactory  theory  of  the  origin  and  motion 
of  cyclones  by  regarding  them  as  moveable  chimnies  of  vast  width  and  height, 
but  not  necessarily  in  every  case  having  their  bases  at  the  ground  level. 
There  is  not  time  this  evening  to  dwell  longer  upon  the  subject.  I  will, 
however,  show  an  experiment  on  the  formation  of  cloud  by  the  mixing  of  air 
currents,  and  ask  you  whether  you  think  you  can  detect  the  motion  of  the 
air  by  watching  the  movement  of  the  cloud. 

A  glass  globe  (Fig.  1)  provides  the  arena  in  which  the  currents  mix.  The 
currents  are  due  to  the  heat  of  a  spirit  lamp  or  gas  jet,  burning  at  the  base 
of  a  chimney  which  communicates  with  the  top  of  the  globe.  On  either  side 
of  the  globe  are  tubular  openings  through  which  air  can  flow  to  feed  the 
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bhimney.  The  air  supply  on  the  one  side  is  wanned  and  moistened,  on  the 
other  it  is  cooled  by  a  freezing  mixture.  The  apparatus  can  be  so  arranged 
that  no  cloud  is  formed  with  either  one  of  the  currents  acting  singly,  but 
when  both  act  together  a  conspicuous  cloud  is  formed  extending  up  to  the 


Fio.  1. 

chimney,  and  showing  by  the  motion  of  its  parts  the  direction  in  which  the 
air  is  moving.  The  spiral  motion,  which  is  clearly  visible,  is  attributable  to 
the  fact  that  the  tubes  which  deliver  the  air  are  more  or  less  parallel,  but 
not  diametrically  opposed  to  one  another. 

Let  us  now  consider  the  second  cause  of  cloud  formation.     The  cloud  in 
this  case  arises  from  so-caUed  dynamical  cooling  of  the  air.     |To  produce 
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the  cooling  all  that  is  required  is  to  allow  the  air  to  expand  and  overcome  the 
external  pressare  while  protecting  it  from  all  communication  of  heat.  The 
arrangement  is  sufficiently  nearly  realised  when  air  rises  into  regions  o^ 
diminished  pressure  in  consequence  of  its  density  heing  less  than  that  of  the 
surrounding  air.  The  small  density  may  have  been  originJally  due  to  rise  of 
temperature.  The  amount  of  the  cooling  effect  in  dry  air  produced  under 
such  circumstances  is  very  well  known,  and,  indeed,  is  quite  easily  calculated 
on  the  assumption  that  the  laws  of  perfect  gases  are  accurately  followed. 

The  way  in  which  the  effect  can  be  for  many  purposes  most  satisfactorily 
represented  is  by  a  diagram  (Fig.  2).  The  black  lines  in  the  diagram  repre- 
sent the  relation  between  pressure  and  volume  for  one  gramme  of  dry  air  at 
various  temperatures  marked  on  the  edge.  The  red  lines  (shown  as  dotted 
lines  in  the  figure)  represent  the  changes  that  take  place  in  pressure  and 
volume  when  there  is  no  communication  of  heat. 
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To  pass  from  one  black  line  to  the  next  on  the  right,  10  gramme  thermal 
units  of  heat  must  be  communicated  to  the  gramme  of  air  at  the  freezing 
point ;  and  hero  I  must  parenthetically  remark  that  it  would  be  well  for 
those  who  wish  to  lay  hold  of  this  part  of  the  subject  to  get  rid  of  the  very 
natural  notion  that  change  of  temperature  is  a  necessary  concomitant  of 
supply  or  removal  of  heat.  Doubtless  in  many  cases  the  two  are  connected, 
but  progress  in  thermo-dynamics  is  facilitated  by  recognising  that  the  tem* 
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poratuYe  may  otumge  without  any  supply  of  heat,  and  heat  may  be  sapfriied 
without  any  ehange  of  temperature.  A  small  addition  to  the  diagram  make9 
it  available  for  showing  the  change  of  temperatmre  which  results  from  the 
raising  of  dry  air  to  a  specified  height  from  sea  level. 

But  the  atmosphere  does  not  consist  of  dry  air ;  it  ccmtains  a  variabla 
amount  of  moisture.  So  long  as  the  air  is  unsaturated,  its  behaviour  under 
diminution  or  increase  of  pressure  does  not  differ  materially  from  that  of 
dry  air,  and  the  diagram  we  have  already  considered  may  be  used  to  indi- 
cate the  changes  of  temperature.  But  when  the  cooling  is  so  great  thai  the 
dew  point  is  reached,  a  serious  modification  is  introduced.  The  condensa* 
tion  liberates  the  latent  heat  of  vapour,  which  is  numerically  very  great,  so 
that  although  the  amount  of  water  condensed  may  be  very  minute,  the  disturb- 
ance of  the  thermal  conditions  is  by  no  means  unimportant.  Aq  example 
will  make  this  clear.  The  cooling  of  saturated  air  from  16^  G.  (69°  F.)  to 
the  freezing  point  would  correspond  to  the  deposition  of  8  grammes  of 
moisture  from  every  cubic  metre,  or  8  millionths  of  a  gramme  (a  very  small 
amount)  from  every  cubic  centimetre.  The  heat  liberated  by  the  condensation 
would  be  about  48  ten-thousandths  of  a  thermal  unit;  but  the  capacity  for 
heat  of  a  cubic  centimetre  of  dry  air  is  very  small,  only  2i  thousandths  of  a 
thermal  unit  being  required  to  raise  the  temperature  of  that  quantity  of  air 
V  C,  so  that  the  heat  liberated  by  the  condensation  is  sufficient  to  raise  the 
temperature  of  the  air  from  which  it  is  condensed  through  about  20°  0.  In 
other  words,  to  put  the  result  in  a  somewhat  Hibernian  form,  if  saturated  air 
were  dynamically  cooled  from  15°  C.  to  0°  C,  its  temperature  would  rise  to 
20°  C,  in  consequence  of  the  condensation  of  vapour. 

Of  course  all  that  is  meant  by  this  absurd  statemei)t  is  that  if  you  sulject 
saturated  air  to  a  change  of  pressure  which  would  cool  dry  air  through  16°  C, 
the  moist  air  will  not  be  cooled  to  anything  like  the  same  extent. 

Leaving  for  the  present  the  theory  of  the  subject,  I  shall  try  to  show  you 
by  experiment  the  difference  of  behaviour  of  air  under  the  conditions  specified. 

First,  let  me  show  the  formation  of  a  cloud  by  dynamical  cooling — ^that  iS| 
by  rarefaction  merely — in  moderately  dry  air.  I  have  here  (see  Fig.  4,  p.  180) 
an  arrangement  by  which  the  pressure  of  air  in  a  globe  can  be  rapidly  diminished 
by  putting  it  into  communication  with  a  vessel  which  has  been  partially 
exhausted.  I  can  thereby  ascertam  what  would  happen  to  the  air  if  it  should 
be  suddenly  raised  through  5,000,  10,000  or  15,000  ft.  You  will,  I  think, 
see  that  a  cloud  can  be  formed  in  that  way. 

Let  me  now  go  on  to  exhibit,  if  possible,  the  difference  between  the  tem- 
perature change  produced  in  dry  and  moist  air.  A  slight  addition  to  the 
apparatus  enables  us  to  form  a  rough  estimate  of  the  depression  of  tempera- 
ture below  that  of  the  room  at  the  instant  when  the  expansion  is  complete. 
At  that  instant  I  close  the  communication  between  the  exhaustixig  vessel  and 
h  experimental  globe  with  its  cooled  air.  At  the  same  time  I  put  the 
globe  in  communication  with  a  pressure  gauge,  and  watch  the  change  of 
pressure  which  occurs  as  the  air  in  the  globe  recovers  the  temperature  of 
the  room. 
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We  will  try  the  experiment  with  dry  air.  Yoa  will  notice  that  after  ihe 
terioHS  distorbanee  of  the  gauge,  as  the  expansion  proceeds,  there  ensues  a 
f^oal  increase  of  pressure  which  indicates  the  change  of  temperature. 
This  is  the  well-known  experiment  of  C16ment  and  Desormes.  By  making 
experiments  successively  with  a  globe  of  dry  air  and  a  globe  of  saturated  air, 
the  rise  of  temperature  could  be  roughly  compared  in  the  two  cases ;  but  in 
order  to  avoid  part,  at  least,  of  the  initial  distarbance,  I  propose  to  exhaust 
Uie  two  globes  simultaneously  (Fig.  8),  and  have  one  limb  of  the  gauge  in 
connection  with  each  globe.  With  the  apparatus  so  arranged,  the  ultimate 
di£ference  of  level  of  the  liquid  in  the  two  limbs  of  the  gauge  will  indicate  the 
difference  of  temperature  which  existed  in  the  two  globes  at  the  instant  when 
the  expansion  was  complete.  With  a  water  gauge  a  difference  of  level  of 
one  inch  corresponds  to  a  difference  of  temperature  of  li^  F. 


Pio.  3. 

In  this  experiment  the  expansion  is  small,  and  the  temperature  difference 
may  be  scarcely  perceptible.  I  shall  be  content  if  it  is  shown  by  any  differ- 
ence of  level  in  the  gauge.  I  ought  to  remark  that  the  saturation  of  the  air 
introduces  a  slight  modification  of  the  figures,  and  gives  moist  air  an  advan- 
tage on  the  gauge  which  ought  to  be  eliminated  before  the  method  could  be 
recommended  as  an  accurate  one  for  scientific  purposes. 

The  effect  of  condensation  in  modifying  the  dynamical  cooling  of  moist  air 
depends  very  materially  upon  the  position  of  the  dew  point  of  the  air,  be- 
cause with  a  high  dew  point  the  amount  of  moisture  condensed,  per  degree 
of  depression  of  temperature,  is  much  larger  than  the  corresponding  amount 
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eondenRed  when  the  dew  point  is  low;  for  example,  the  amount  of  eondensa* 
tion  from  satnrated  air  corresponding  to  a  depression  of  6^  G.  from  9QP  0.  is 
7*1  grammes  per  cnbio  metre;  bat  from  5^  G.  to  0^  G.  it  is  only  2*1  grammes 
per  cnbio  metre. 

The  behaviour  of  moist  air  conld  be  represented  by  a  set  of  lines  cor- 
responding to  those  which  I  have  shown  yon  for  dry  air,  but  the  lines  wonld 
be  of  different  shape.  A  diagram  which  represents  the  behaviour  of  moist 
air  was  constructed  by  the  Ute  Dr.  Hertz,  so  well  known  in  connexion  with 
electrical  waves.  It  is  somewhat  too  complicated  for  this  evemng.  It  may 
suffice  to  give  the  results  of  some  rough  calculations  in  connexion  with  this 
part  of  the  subject.  *  I  have  computed  that  a  change  of  pressure  sufficient  to 
cause  a  dynamical  change  of  temperature  in  dry  air  of  27^  F.  would  not  de- 
press the  temperature  of  saturated  air  at  41°  F.  through  more  than  18°  F., 
nor  saturated  air  at  86°  F.  through  more  than  6°  F. 

I  hope  to  find  time  later  on  to  call  your  attention  to  the  meteorological 
effects  which  these  modifications  of  dynamical  cooling  probably  produce ; 
but  in  order  to  follow  the  main  thread  of  my  argument  with  respect  to 
clouds  I  must  pass  on  to  consider  the  suspension  of  solid  and  liquid  particles 
in  the  air. 

I  will  again  form  a  cloud,  and  I  wish  you  to  notice  closely  what  happens 
in  the  globe.  As  soon  as  the  cloud  is  formed,  the  drops  begin  to  fall.  Some 
of  them,  doubtless,  become  invisible  in  consequence  of  the  evaporation  of 
the  moisture ;  but  if  the  disappearance  were  entirely  due  to  the  communica- 
tion of  heat  through  the  glass  of  the  globe,  the  last  traces  of  cloud  would 
appear  at  the  centre  or  in  the  upper  part  of  the  globe.  That,  however,  is 
not  the  case ;  there  is  clearly  a  falling  of  the  particles  going  on.  We  may 
therefore  conclude  that  when  a  cloud  is  formed  in  still  air,  the  particles  of 
which  the  cloud  consists  fall  through  the  air  at  an  appreciable  rate.  The 
rate  is  different  in  the  two  globes  before  you,  because  probably  the  size  of 
the  water  particles  is  different.  The  smaller  globe  has  been  supplied  in 
great  abundance  with  nuclei  upon  which  drops  can  form,  while  in  the  larger 
one  nuclei  are  comparatively  rare,  and  consequently  to  carry  the  deposit 
each  nucleus  must  be  more  heavily  loaded. 

If  there  were  a  suitable  upward  motion  of  the  air,  the  particles  forming 
the  cloud  might  appear  stationary — there  would  stDl  be  relative  motion 
between  the  water  particles  and  the  air.  No  refinement  of  subdivision  can 
free  the  particles  from  the  ubiquitous  and  inevitable  action  of  gravity ;  and 
so  long  as  the  particles  have  a  specific  gravity  greater  than  that  of  air,  they 
can  only  be  maintained  at  a  fixed  level  by  the  action  of  forces  due  to  the  air 
passing  by  them.  [Speaking  in  the  technical  language  of  dynamics,  the 
particles  can  only  be  maintained  at  a  fixed  level  by  supplying  to  them  an 
amount  of  momentum  equal  to  that  which  gravity  constantly  snpphes,  but  in 
the  opposite  direction.  The  momentum  is  withdrawn  from  the  stock  which 
the  rising  column  of  air  possesses,  and  a  condition  for  the  transference  of  the 
necessary  momentum  is  relative  vertical  motion  between  the  cloud  particles 
and  the  supporting  air.  In  every  case,  therefore,  when  a  cloud  is  supported 
there  is  a  vertical  rush  of  air  past  the  particles  of  it  which  keeps  them  up.] 
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The  amonnt  of  relative  motion  which  is  necessary  to  support  the  particles 
depends  upon  their  weights  and  areas,  and  therefore,  of  coarse,  upon  their 
size,  and  the  nprush  of  air  mnst  increase  rapidly  if  the  particles  are  eon- 
tinnally  growing  in  size. 

From  another  aspect  these  ideas  may  be  expressed  by  considering  a  rain- 
drop or  hailstone  supposed  to  form  in  still  air.  It  will  begin  to  move  down- 
wards however  small  it  may  be,  but  its  downward  velocity  will  never  exceed  a 
definite  limiting  value  depending  upon  its  size  and  weight.  What  the  limit- 
ing velocity  of  falling  raindrops  may  be  I  do  not  know,  but  from  the  rate  at 
which  the  drops  of  a  thunder  shower  fall  we  may  fairly  conclude  that  a  very 
considerable,  though  by  no  means  inconceivable,  upward  current  of  air 
would  be  required  to  keep  the  drops  of  a  thunder  shower  suspended  at  a  fixed 
level.  Clearly  a  smaller  current  would  suflSce  to  keep  up  winter  rain  or 
Scotch  mist,  and  ordinary  ground  fog  is  so  finely  distributed  that  the  vertical 
motion  necessary  to  support  it  is  hardly,  if  at  all,  perceptible. 

All  that  has  been  said  on  this  point  must  be  understood  to  refer  to  vertical 
motion  only.  So  far  as  horizontal  motion  is  concerned,  when  a  cloud  of 
particles  has  ouce  accommodated  itself  to  the  motion  of  the  air  carrying  it, 
there  will  be  no  relative  motion  unless  the  air  changes  its  speed,  so  that  the 
horizontal  motion  of  air  may  be  indicated  by  the  horizontal  motion  of  cloud 
while  the  vertical  motion  is  not. 

Let  us  now  consider  the  case  of  a  mass  of  warm,  moderately  moist  air 
starting  from  the  earth's  surface  and  gradually  rising.  With  increasing  height 
the  pressure  and  density  will  diminish ;  the  temperature  will  fall,  rapidly  at 
first,  as  the  diagram  indicates,  until  it  reaches  the  dew  point.  Then  a  cloud 
will  be  formed,  and  the  rate  of  fall  of  temperature  will  be  much  diminished. 
The  condensed  particles  will  gradually  sink,  and  at  the  same  time  the 
upper  strata  will  receive  heat  from  the  sun*s  rays  which  are  there  absorbed. 
The  upper  layers  will  be  ready  to  go  on  rising,  and  as  they  are  saturated 
with  moisture  cloud  will  be  formed  at  higher  and  higher  levels,  and  thus, 
unless  the  initial  difference  of  density  was  very  great,  we  may  have  equi- 
librium very  nearly  approached,  and  the  mass  may  move  very  slowly  up- 
ward, carrying  with  it  the  greater  part  of  a  very  light  and  almost  permanent 
cloud.  In  the  mean  time  the  heavier  globules  of  the  moisture  deposited  in 
the  earlier  stages  will  have  fallen  downward,  and  may  be  evaporated  lower 
down,  or  fall  as  rain.  Perhaps  the  air  may  even  be  regarded  as  like  a 
rocket,  moving  upward  and  leaving  a  trail  of  cloud  globules  behind  it,  and 
may,  after  becoming  transparent  again  for  a  time,  ultimately  show  itself  in 
some  form  of  cirrus  cloud. 

I  must,  however,  here  recall  to  your  memories  the  now  well-known  fact 
that  for  a  cloud  to  be  formed  two  conditions  must  be  satisfied — ^there  must 
be  not  only  a  supply  of  vapour  to  be  condensed,  but  also  a  supply  of  nuclei 
(formed  of  particles  of  dust,  &c.),  upon  which  the  drops  of  rain  may  be 
deposited.  This  part  of  the  subject  almost  belongs  to  Mr.  John  Aitken, 
who  has  founded  upon  the  principles  of  it  a  method  of  counting  the  dust 
particles  in  the  air.    Now  although  it  is  not  possible  by  lifting  the  air  to  ex- 
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baost  the  whole  supply  of  Taponr,  the  supply  of  nuclei  may  be  exhausted, 
and  then,  unless  the  air  carries  with  it  globules  already  condensed,  deposition 
will  no  longer  take  place,  and  the  air  will  pass  upward  free  from  cloud,  but 
"  supersaturated  *'  with  moisture.  I  use  the  term  because  it  has  been  used 
before,  but  the  necessity  for  the  existence  of  nuclei,  in  order  that  deposits 
may  be  formed,  points  to  a  vagueness  in  the  meaning  of  the  word 
'  saturated  '  that  requires  clearing  up.  Nuclei  may  not  all  be  of  the  same 
character,  and  the  condensation  may  take  place  at  first  upon  nuclei  of  one  sort 
only.  When  they  have  been  loaded  and  have  dropped  out,  further  rarefaction 
may  cause  another  set  of  nuclei  to  come  into  use.  It  would  be  interesting 
to  know  what  depression  of  temperature  is  necessary  to  cause  condensation 
upon  nuclei  of  different  characters,  and  what  relation  the  temperatures  at  which 
condensation  takes  place  bear  to  the  ordinary  dew  point.  These  questions 
carry  me,  however,  beyond  my  own  knowledge  and  experience :  I  must  limit 
myself  to  showing,  later  on,  some  experiments  in  connexion  with  the  formation 
of  coloured  coronas  that  I  think  indicate  a  change  in  the  character  of  the 
deposit  with  a  change  in  the  number  or  character  of  the  nuclei.^ 

Let  me,  however,  now  take  up  the  consideration  of  the  meteorological 
effects  of  the  liberation  of  latent  heat  when  condensation  takes  place.  I 
propose  to  take  only  the  two  extreme  cases,  (1),  when  the  air  is  very  cold ; 
(2),  when  it  is  very  warm.  The  cooling  in  the  first  case  is  considerable  even 
when  condensation  takes  place,  because  the  actual  amount  of  moisture  con- 
densed for  a  given  fall  of  temperature  is,  comparatively  speaking,  small. 
The  rising  air  will  therefore  sooner  reach  a  position  of  equilibrium.  A  cloud 
may  be  formed,  but  no  further  rise  need  result ;  the  deposit  is  thin,  and  the 
rain,  if  any,  is  fine.  In  the  second  case  the  deposit  of  moisture  for  a  given 
range  of  temperature  is  many  times  larger.  The  fall  of  temperature  inci- 
dental to  expansion  is  very  much  less.  Hence,  as  the  warm  air  rises  it 
remains  warm  in  consequence  of  the  condensation  of  a  part  of  its  vapour, 
and  becomes  surrounded  by  air,  higher,  and  therefore,  presumably,  colder 
than  that  which  surrounded  it  originally.  Having  risen  to  a  certain  height, 
its  tendency  to  rise  becomes  still  greater  ;  it  is  further  away  from  a  condition 
of  equilibrium  than  it  was  when  it  started.  The  higher  it  rises,  the  greater 
will  be  the  force  tending  to  make  it  rise.  The  result  will  be  an  uprush  of 
air  which  may  be  described  as  almost  explosive  in  its  character. 

To  this  difierence  we  may  attribute  the  suddenness  and  violence  of  the 
thunder  showers  of  summer  as  compared  with  the  fineness  of  the  rain  of 
winter.  Explosive  uprushes,  such  as  those  here  referred  to,  have  long  been 
recognised  as  furnishing  an  explanation  of  the  formation  of  hail.  If  we  were 
acquainted  with  the  electrical  effect  of  air  rushing  past  globules  of  water — ^a 
state  of  things  that  must  occur  if  the  globules  are  to  be  supported — we  might 

1  Mr.  G.  T.  B.  Wilson,  at  a  meeting  of  the  Gam.  Phil.  Soo.,  in  May  1895,  showed 
ezperimentfl  tending  to  pro?e  that  whatever  is  the  state  of  the  air  as  regards  nodei, 
the  rarefaction  oamiot  be  earned  beyond  a  certain  definite  limit  without  oload  being 
formed.    The  limit  is  not  beyond  that  of  practical  meteorological  altitudes. 
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reach  a  tolerable  ezplanatioii  of  most  of  the  charaoteristie  phenomena  of 
thondergtorms. 

I  shall  now,  by  way  of  summary,  sketch  what  seems  to  me  the  probable 
state  of  motion  of  the  air  in  which  cnmnlns  clond  is  forming,  and  in  some 
of  the  other  instances  qnoted  above. 

As  abready  intimated,  cumnlns  clond  is  indicative  of  an  upward  motion  of 
air.  Its  base  shows  the  position .  at  which  condensation  commences,  the 
upward  motion  being  sufficient  to  retain  the  globules  suspended,  and 
possibly  carry  some  of  them  further  upward.  A  spreading  of  the  base  of  the 
cloud  indicates  only  that  the  area  of  the  **  chimney  *'  is  altering  or  its  posi- 
tion changing.  It  does  not  necessarily  imply  any  specific  horizontal  motion 
of  the  air.  In  the  example  of  the  large  cumulus  over  the  Gulf  of  Genoa :  if 
we  suppose  warm,  moist  air  to  be  gradually  drifting  in  from  sea  towards  the 
hills,  successive  portions  more  and  more  to  seaward  would  bulge  upwards, 
and  there  would  be  a  spreading  seaward  of  the  conditions  favourable  to  cloud 
formation,  in  a  direction,  that  is  to  say,  opposite  to  that  of  the  wind. 

It  is  not  easy  to  picture  the  conditions  which  define  the  upper  surface  of 
a  cumulus  cloud.  It  is,  I  think,  most  probable  that  the  cumulus  should  be 
regarded  as  the  same  in  nature  as  a  cloud-cap,  the  air  running  more  or  less 
vertically  through  it.  After  the  first  formation  of  cloud  on  the  rising  air, 
further  elevation  would  cause  an  increase  in  the  size  of  the  drops  ;  but  as 
the  size  increased  the  power  of  the  air  to  carry  them  with  it  would  diminish. 
Ultimately  it  would  have  to  leave  its  droplets  behind,  and  pass  on  clear  but 
saturated  with  moisture.  The  process  would  free  it  of  the  nuclei  upon 
which  the  drops  formed,  and  this  suggests  a  definite  limit  to  the  cloud 
surface.  The  sun's  rays  would  necessarily  introduce  some  modification, 
and  make  the  surface  lower  and  the  cloud  consequently  of  less  thickness.  It 
must,  I  think,  be  accepted  that  the  sun  cannot  alter  the  temperature  Of  the 
air  which  holds  the  cloud.  Heat  is  only  taken  in  from  the  sun's  rays  in  any 
appreciable  quantity  so  long  as  there  are  water  globules ;  they  will  be  sur- 
rounded by  saturated  air.  The  heat  absorbed  under  these  conditions  evapo- 
rates the  moisture  without  alteration  of  temperature.  As  soon  as  the 
moisture  is  all  evaporated,  the  air  has  become  transparent,  and  the  rays  pass 
on  to  give  out  heat  elsewhere.  The  evaporation  caused  by  the  sun  will, 
however,  enable  the  air  to  carry  with  it  some  of  its  nuclei. 

It  therefore  would  appear  that  the  air  issuing  from  the  top  or  sides  of  the 
cloud  leaves  behind  it  its  larger  globules  of  moisture,  and  therefore  nearly 
all  the  nuclei  in  which  moisture  was  first  deposited.  If  condensation  again 
occurs,  and  a  fresh  cloud  is  formed  in  the  same  air,  it  must  be  under  dif- 
ferent conditions,  i.e.  with  a  different  set  of  nuclei. 

When  the  sky  is  full  of  patches  of  detached  cumulus,  the  vertical  circu- 
lation is  less  simple.  A  layer  of  warm  air  of  considerable  horizontal  area 
must  come,  on  its  upward  way,  into  a  state  of  instability  when  condensation 
begins  to  take  place.  The  condensation  in  any  small  portion  puts  that 
portion  in  a  more  favourable  condition  for  further  ascent  than  the  sur- 
rounding portions  in  consequence  of  the  liberation  of  latent  heat.     Some 
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allowance  must  be  made  for  the  alteration  of  density  conseqaent  Qpon  the 
contraction  of  Yolume  which  takes  place  when  condensation  occors ;  but 
this  allowance  is  not  large,  and,  moreover,  when  the  air  finds  the  drops  of 
water  heavy  to  carry,  it  leaves  them  behind.  As  soon,  therefore,  as  con- 
densation takes  place  at  any  point,  there  is  an  upward  rush  there, 
associated  with  a  sinking  of  air  around;  hence  the  clouds  form  themselves 
permanently  round  the  spots  where  condensation  begins,  extending  or  dis- 
appearing according  to  circumstances,  which  can  at  present  only  be  regarded 
as  accidental.  The  elaborate  vertical  circulation  here  sketched  may  be  asso- 
ciated with  a  general  horizontal  motion  of  the  air  due  to  some  dominant 
cause  external  to  the  whole  district. 

In  a  subject  like  that  here  treated,  general  conclusions  are  particularly 
hazardous;  but  there  seems  to  be  some  ground  for  concluding  that  when 
clouds  are  formed  by  mixture  their  motion  may  be  accepted  as  indicating 
that  of  the  air  in  which  they  are  formed,  but  that  when  they  are  formed  by 
the  dynamical  cooling  due  to  rarefaction,  no  satisfactory  indication  of  the 
motion  of  the  air  is  given  by  the  motion  of  the  clouds. 


In  the  course  of  my  remarks  I  have  referred  to  possible  effects  of  an 
alteration  in  the  number  or  character  of  the  nuclei  upon  which  the  globules  of 
moisture  are  formed.  It  now  only  remains  for  me  to  illustrate  experimentally 
the  effects  alluded  to.  If  the  globe  (Fig.  4)  in  which  a  cloud  is  formed 
by  a  sufficient  rarefaction  is  illuminated  by  means  of  a  brilliant  point 
of  light,  coloured  rings  are  shown  surrounding  the  bright  point,  provided 
that  the  air  is  in  a  suitable  state.  The  condition  for  the  formation  of 
coronsB,  as  explained  by  Young,  is  that  the  globules  formed  should  be 
sufficiently  uniform  in  size  to  produce  regular  diffiraction,  and  Young  has  also 
pointed  out  that  the  diameter  of  a  ring  of  particular  colour  depends  upon  the 
size  of  the  particles,  becoming  smaller  if  the  globules  of  which  the  cloud  is 
formed  become  larger.  Experimentally,  the  diffraction  rings  are  easily 
watched  if  the  globe  be  surrounded  by  a  blackened  screen  perforated  by  a 
hole,  and  an  electric  lamp  be  brought  close  up  to  the  hole,  and  a  cloud  be 
then  formed  in  the  globe.  The  necessary  rarefaction  can  easily  be  produced 
by  opening  free  communication  between  the  globe  and  an  exhausted  receiver 
of  suitable  size.  If  the  globe  be  fully  supplied  with  naclei  in  one  of  the 
ways  suggested  by  Aitken,  as  by  allowing  the  smoke  of  a  match  to  pass  into 
it,  the  rarefaction  produces  cloud  without  definite  colouring,  probably  because 
the  nuclei  are  so  numerous  and  irregular  that  no  regular  diffiraction  takes 
place.  After  a  number  of  rarefactions  and  consequent  precipitations, 
a  circular  distribution  of  colour  begins  to  show  itself  round  the  bright  spot. 
The  colours  change  as  the  cloud  grows  in  density,  and  after  many  deposits 
have  been  made,  a  series  of  alternate  red  and  green  rings  (with  artificial 
light)  of  measurable  radius  becomes  perfectly  distinct,  while  the  globules 
become  large  enough  to  be  separately  visible,  and  can  be  seen  settling  down 
in  the  globe.    The  size  of  the  rings  under  these  circumstances  becomes 


Digitized  by 


Google 


l80  &HiW — TfiE  MOTtoir  olr  oLoubid. 

moderaidy  permanent  for  sneeesBive  rare&etions,  and  would  enable  the 
obserrer  to  compnte  the  size  of  the  partieles  if  there  were  a  standard  of 
reference  available  with  particles  of  known  size.  I  have  not  yet,  however, 
succeeded  in  imitating  the  effects  with  other  particles,  nor  can  I  say  what 


Fig.  4 


the  change  in  the  character  of  the  nuclei  must  be,  nor  what  rarefaction  with 
air  of  given  humidity  is  necessary  to  give  rings  of  a  particular  diameter. 
These  matters  are,  however,  within  the  reach  of  an  experimenter  in  thih 
subject. 


PROCEEDINGS  AT  THE  MEETINGS 
OF  THE  SOCIETY. 


March  20th,  1896. 

Ordinary  Meeting, 

C.  Tbeodobs  Williams,  M.A.,  M.D.,  Vice-Preaident,  in  the  Chair. 

Hector  HaITcH  Gammell,  Perry  Barr,  Birmingham  ; 

CHBI8TOPHBB  Llotd,  1  Invicta  villas,  Balmor J  Road,  New  Brompton  ;  and 
Lt-Col.  WiLUAM  Woodward  Rawbs,  R.A.,  Junior  United  Service  Club,  S.W., 
iM^  balloted  for  and  duly  elected  Fellows  of  the  Society. 
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Mr.  W.  N.  Shaw,  M.A.,  F.E.S.,  gave  a  Lecture  on  "The  Motion  of  Clouds 

CONSIDERED   WITH    BEFERBNCE   TO   THEIB   MODE   OP  FORMATION,'*  whlch  waS 

illustrated  by  experiments,    (p.  166.) 


April  17th,  1896. 

Ordinary  MeeUng,\ 

Richard  Inwards,  F.R.A.S.,  President,  in  the  Chair. 

Capt.  Percival  Ashworth,  R.E.,  Shorncliffe  Camp ; 
John  Chapman,  The  Lawn,  Torquay ; 
Edwin  J.  Pearson,  J.P.,  Millfield,  Berkhamsted  ; 
Stanley  Sinqle,  Woodcote,  Dorking ;  ' 

Capt.  Edward  Richard  Taylor,  Ardgillan,  Balbnggan,  Ireland ;  and 
C  Algernon  Whitmore,  M.P.,  76  Cadogan  Place,  S.W., 
were  balloted  for  and  duly  elected  Fellows  of  the  Society. 

The  following  communications  were  read : — 

"  The  Frost  of  January  and  February,  1896,  over  the  British  Isles." 
By  Francis  Campbell  Bayard,  LL.M.,  F.R.Met.Soc.,  and  William  Marriott, 
F.R.Met.Soc.    (p.  141.) 

"  Some  Hints  on  Photographing  Clouds."  By  Birt  Acres,  F.R.Met.Soc 
(p.  160.) 


CORRESPONDENCE  AND  NOTES. 

Notes  on  Clouds.— I  began  registering  clouds  in  1842,  and  have  kept  this  up 
to  the  present  time,  and  have  many  thousand  records,  which  I  intend  to  reduce 
if  I  have  health.  My  relative  (Luke  Howard^)  first  persuaded  me  to  pay  atten- 
tion to  clouds  ;  and  I  think  I  was  the  first  t6  adopt  the  term  ^^  scud,"  which  I 
did  in  1843.  At  that  time  1  invented  signs  for  clouds  ;  and  almost  immediately 
afterwards  a  code  of  signs  were  sent  to  me  that,  though  independent,  were  almost 
identical.  I  had  the  following  columns  for  each  observation  : — Height  (0  —  6)  ; 
Velocity  (0— -6) ;  Thickness  (0— 6)  ;  Colour  (0  —  6)  ;  Direction (0—6)  ;  Class 
At  the  same  time  was  recorded  "prospect."  I  think  you  use  the  word  "visi- 
bility." When  at  Highfield  House,  Beeston,  near  Nottingham,  I  recorded  the 
following  : — 1.  Charnwood  Forest,  27  miles  off,  and  according  to  clearness 
registered  0  —  6  ;  2.  Beeston  Railway  Station,  2  miles  ;  3.  The  Lake,  High- 
field  House,  i  mile  ;  4.  The  sunk  fence  of  the  garden,  100  yards  ;  and  5.  A 
yew  tree,  40  yards. 

Since  I  came  here  I  have  selected  as  iny  objects  Dunkerry  Beacon,  Stee 
Holmes,  Cheddar,  Clevedon,  Denny  Island,  Caldicot.  Caractea*s  tree,  far  end 
the  park  500  yards,  and  this  end  of  the  park  50  yards  off.     I  must  remark  f 
mists  here  are  never  as  much  as  20  yards,  whilst  at  Highfield  House  they  t 
so  great  that  the  prospect  was  sometimes  only  2  yards. 

I  have  never  seen  it  recorded  that  cirri  do  not  move  along  their  lines  r 
grow  at  their  ends.    I  have  also  never  seen  it  mentioned  that  there  are 
ments  inter  se  different  to  the  currents  they  are  moving  in.     Nor  have  I 
recorded  that  in  thunderstorms  there  will  be  scud  boiling  from  beneaf 
often  in  the  opposite  direction  to  their  movement. 

Here  we  can  see  clouds  at  great  distances,  as  our  uninterrupted  ^ 
west  through  south  to  east  is  172  miles.    We  are  also  often  above 
and  can  look  along  their  edge.    I  reported  a  case  where  a  cirrus  f  o 
a  stratus,  and  both  at  a  lower  level  than  this  house.    On  anothi 
recorded  cirri  forming  directly  above  the  stratus  (that  lay  ovc 
Qiannel  when  the  sky  was  elsewhere  cloudless,  and  this  occurre 
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8th  and  9th,  1895.  The  water  most  haye  been  very  cold,  as  the  Wye  at  Cbep« 
stow  was  frozen,  though  tidal.  The  stratae  and  cirri  were  only  over  the  water, 
as  the  Somerset  hills  were  quite  clear. 

Sometimes  we  see  maryellouB  clouds.  On  one  occasion  since  I  have  been 
here  we  had  a  dense  fog  all  day,  with  overcast  sky,  but  for  a  few  minutes  there 
was  an  oblong  opening  in  the  mist,  through  which  we  could  see  the  steep  Holme 
and  Dunkeriy  Beacon,  nearly  40  miles  on.  The  fog  must  have  been  confined  to 
this  hill.-<E.  J.  Lowe,  F.R.S.,  Shirenewton  Hall,  Chepstow,  March  13th,  1895. 

The  Upper  AtmOBphere. — On  July  7th,  1894,  Dr.  Assmaim  set  free  at  Char- 
lottenburg  a  balloon,  equipped  with  self-registering  apparatus  for  the  determi* 
nation  of  meteorological  data  in  the  higher  regions  oi  the  atmosphere.  This 
balloon,  the  CirrtM,  made  a  most  remarkable  voyage,  for  not  only  did  it  reach 
the  greatest  altituae  ever  attained  by  any  contrivance  made  by  human  hands, 
but  it  also  in  eleven  hours  made  a  journey  from  Berlin  to  the  district  of  Zvomik 
in  Bosnia,  a  distance  of  niore  than  620  miles.  The  scheme  of  exploring  the 
upper  air  by  means  of  small  balloons  was  first  proposed  by  Geheimrat  A.  Mey- 
denbaur,  and  put  into  practice  in  France  ;  but  these  attempts  failed  because  no 
measures  were  taken  to  guard  against  the  powerful  effects  of  solar  radiation  on 
the  instruments.  This  was  rendered  possible  by  the  aspiration  principle  applied 
by  Dr.  Assmann,  and,  after  many  trials,  a  camera  largely  composed  of  alummium 
was  constructed  by  R.  Fuess,  in  which  an  alcohol  thermometer  and  the  lever  of 
a  barograph  could  be  photographed  through  a  slit  on  to  a  silver-bromide  gelatine 
paper  stretched  on  a  drum.  On  the  morning  of  the  7th  the  Cirrus  was  released, 
shot  up  "  like  a  champagne  cork,'*  sailed  first  towards  the  north-west,  and  at  a 
greater  height  tumea  round  towards  the  south-east,  finally  coming  to  earth  in 
Bosnia,  close  to  the  Servian  frontier.  The  meteorologist  Berson,  who  went  to 
fetch  the  balloon,  was  only  able  with  all  possible  haste  to  reach  the  spot  in  fifty- 
four  hours,  while  the  balloon  had  made  the  journey  in  twelve  hours.  The  appa- 
ratus was  hardly  injured  at  all ;  and  the  photogram,  unrolled  ten  days  later, 
showed  clearly  the  pressure  and  temperature  of  the  regions  traversea  by  the 
balloon.  When  the  Wloon  rose  the  pressure  was  30  Ins.,  and  the  temperature 
of  the  air  62^*6.  Both  naturally  diminished  with  the  heieht,  the  pressure  to 
3-35  ins.  and  the  temperature  to  — 61^*6.  Here  the  record  breaks  off,  for  the 
paper  was  not  large  enough,  such  low  pressures  not  having  been  expected. 
According  to  a  careful  calculation,  the  height  then  attained  must  have  been 
53,559  feet,  or  not  much  less  than  twice  that  of  Mount  Everest,  the  highest 
mountain  of  the  world.  Evidently  the  balloon  had  ascended  still  higher,  but  its 
highest  point  could  not  be  recorded.  Besides,  the  registering  apparatus  was 
arranged  for  six  hours  only.  It  is  to  be  altered  so  as  to  record  lower  pressures 
and  to  act  for  twelve  hours. 

Studies  of  the  Upper  Air. — Mr  A.  L.  Rotch  recently  read  a  paper  before  the 
Boston  Scientific  Society,  U.S.,  on  this  subject,  in  which  he  described  the 
methods  employed  for  obtaining  a  knowledge  of  the  movements,  etc.,  of  the 
upper  air,  and  mentioned  some  of  the  results  which  had  been  attainedf.  Man 
has  seldom  penetrated  into  the  stratum  above  4  miles,  and  of  course  the  rarefac- 
tion of  the  air,  whose  pressure  at  a  height  of  10  miles  is  less  than  one-ninth  of 
the  pressure  at  sea-level,  is  the  chief  obstacle  to  its  exploration  by  beings  like 
ourselves.  Twice  during  the  past  88  years  men  have  reached  a  height  of  about 
30,000  feet  in  balloons  ;  they  have  climbed  in  the  Himalayas  to  an  altitude  of 
nearly  23,000  feet,  and,  in  each  case,  have  observed  the  temperature  and  pres- 
sure during  the  few  minutes  they  remained  at  these  altitudes.  Quite  recently, 
instruments  to  record  automatically  these  and  other  elements  have  been  placed 
on  the  summit  of  a  quiescent  volcano  in  Peru,  above  19,000  feet,  from  which  it 
is  hoped  to  obtain  fairly  continuous  records.  Latterly,  also,  other  attempts  in 
France  and  Germany  have  been  made  to  gain  information  as  to  the  temperature 
of  still  higher  strata  by  liberating  small  balloons  carrying  no  aeronauts  but 


only  self-recording  barometers  and  thermometers.  After  giving  an  account  of 
the  various  hish  level  mountain  observatories,  and  also  of  the  observations  of 
clouds,  etc.,  Mr.  Rotch  concludes  b^  saying  **  tnat  observations  on  mountains  are 
still  the  only  ones  capable  of  being  made  of  all  the  elements  at  all  times, 
although  clouds  can  be  observed  very  often,  and  their  systematic  study  will  even- 
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tually  be  recognised  as  necessary  for  weather  forecasting.  Occasionally,  obser- 
vations in  captive  balloons  and  with  kites  will  furnish  reliable  data  in  special 
cases  when  it  is  desired  to  investigate  the  conditions  prevailing  in  the  free  air 
near  the  earth,  but  the  necessarily  infrequent  observations  which  can^  be  made 
at  high  altitudes  in  balloons  carrying  aeronauts,  or  the  few  automatic  records 
obtained  from  unmanned  balloons,  which  may  reach  still  greater  altitudes,  will 
hardly  do  more  than  elucidate  the  general  conditions  reigning  towards  the  top  of 
the  great  aerial  ocean.'* 

Height  of  the  Sea  Breeze  at  Toulon.— Two  interesting  voyages  were  made  in 
a  balloon  at  Toulon  on  October  16th  and  18th,  1893.  On  the  16th,  MM.  Louis 
Godard  and  Jacques  Courty  ascended  from  Toulon  at  11.20  a.m.,  and  were  carried 
by  a  South-south-west  wind  towards  Fort  Faron.  But  at  a  height  of  about 
1,600  feet  the  balloon  began  to  turn  towards  the  south,  and  at  a  height  of 
3,450  feet  its  course  was  due  south.  After  passing  the  coast  at  an  elevation  of 
4,690  feet,  it  was  carried  by  a  North-easterly  wind  over  the  roadstead  and  the 
peninsula  of  Cepet.  The  aeronauts  then  descended,  and  found  a  South-westerly 
wind  at  an  altitude  of  1,000  feet. 

On  the  second  occasion  an  ascent  was  made  at  4.20  p.m.,  and  an  Easterly 
current  was  found  up  to  a  height  of  1,300  feet.  At  2,000  feet  the  balloon  was 
suddenly  driven  southwards  towards  the  sea,  and  on  descending  to  520  feet 
entered  the  Easterly  current  again,  and  was  carried  to  the  Gh&teau  of  La 
Valerane  on  the  OtolUe  de  Giens. 

From  these  experiences  it  appears  that  the  land  and  sea  breezes  on  the  coast 
attain  only  a  moderate  height,  at  most  3,000  feet,  and  there  give  place  to  the 
general  currents  of  the  atmosphere.  The  limit  is  subject  to  constant  changes, 
which  must  be  controlled  by  tne  transition  from  day  to  night.  The  influence  of 
the  seasons  on  these  breezes  has  still  to  be  investigated.  The  change  in  the 
direction  of  the  wind  occurred  at  a  much  lower  altitude,  300  to  400  feet,  during 
the  balloon  experiments  at  New  York  in  1887.  On  October  16th  and  18th 
Toulon  lay  at  the  south-eastern  edge  of  an  area  of  maximum  pressure,  with  a 
fairly  uniform  pressure  and  light  Easterly  winds  in  the  neighbourhood. 

Dorset  Annual  BainfalL — Mr.  H.  S.  Eaton,  a  past  President  of  the  Royal 
Meteorological  Society,  has  recently  discussed  the  annual  rainfall  of  the  county 
of  Dorset  for  the  45  years  1848-92,  and  communicated  the  results  in  the  form  of 
a  paper  to  the  Dorset  Natural  History  and  Antiquarian  Field  Club.  Two  maps 
accompany  the  paper :  in  one  the  general  distribution  of  the  rainfall  is  shown 
bv  blue  shading,  and  in  the  other  the  brown  shading  is  in  proportion  to  the 
elevation  of  the  land  above  sea  level.  From  these  maps  it  is  seen  that  the 
distribution  of  the  rain  is  in  conform! tv  with  well  known  natural  laws. 

Mr.  Eaton  says  : — "  The  vaponr-laden  air  from  over  the  warm  water  of  the 
Atlantic,  the  chief  source  of  supply,  in  passing  inland  from  the  coast  under  the 
prevailing  South-west  wind,  is  cooled  by  expansion  in  its  onward  progress  over 
the  hills,  and  discharges  rain  copiously,  especially  on  their  further  flanks.  A 
close  observer  of  nature,  but  not  a  meteorologist,  used  to  say  of  the  rain  on  the 
high  ground  behind  Abbotsbury :  *  With  a  South-west  wind  the  clouds  get  a 
blow  from  the  hills,  and  cry  on  the  other  side.*  Further  on,  over  the  low-lying 
lands  of  Somerset,  the  rainfall  is  2  or  3  inches  less  than  on  the  south  coast  of 
Dorset.  Omitting  the  exceptional  returns  from  Portland,  Wimbome,  and  Tud- 
beer,  it  will  be  noticed  that  between  Lyme  Regis  and  Bridport  the  rainfall  is 
slightly  under  34  inches,  falling  to  30*5  inches  round  Weymouth,  and  to  30 
inches  round  Poole.  Inland  from  the  coast  it  rises  from  33*4  inches  at  Bridport 
to  34*0  inches  at  Netherbury,  which  is  125  feet  above  sea-level  and  b\  miles 
from  the  coast,  to  39*8  inches  at  Beaminster,  1^  miles  further  on  at  the  foot  of 
the  hills  ;  and  to  42*6  inches  at  Cheddington,  just  on  the  watershed  dividing  the 
English  from  the  Bristol  Channel,  604  feet  above  the  sea.  Thence  it  declines 
to  33*8  inches  at  West  Coker,  240  feet  above  the  sea,  and  to  28*4  inches  at 
Ilchester,  only  40  feet  above  sea-level.  Farther  east,  Abbotsbury  and  Little- 
bredy,  a  ridge  of  hills  about  600  feet  high  intervening,  the  rain  rises  from  30*7 
inches  to  89*2,  being  8*5  inches  in  less  than  3  miles  ;  and  between  Portisham 
and  Littlebredy,  in  a  distance  of  2  miles,  it  increases  7  inches.  Of  the  two 
stations  of  Upwey,  that  nearest  the  sea  has  an  annual  rainfall  of  30*96  inches  at 
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70  feet  above  sea-level ;  the  other  90  feet  above  the  sea.  and  i  mile  nearer 
Ridgeway  Hill,  has  a  rainfall  of  33*05  inches.  On  the  chalk  hUls  extending 
from  west  to  east  across  Central  Dorset,  the  annual  rainfall  exceeds  40  inches. 
Here  the  county  attains  generally  its  highest  elevation,  from  600  to  800  feet 
The  highest  point  in  the  county,  Pilsdon  Pen,  west  of  Beaminster,  exceeds 
900  feet,  closely  followed  by  Bulbarrow,  near  Haselbury  Bryan.  The  hills 
are  nearly  as  high  east  and  south-east  of  Shaftesbury  ;  but  the  clouds  in 
their  passage  over  Central  Dorset  lost  a  portion  of  their  burden,  and  the 
rainfall  in  North-east  Dorset  does  not  quite  attain  40  inches.  North  of 
Central  Dorset  the  rain  diminishes  to  34  inches  in  Blackmore  Vale.  In  the 
5|  miles  between  Minteme  Magna  and  Folke  the  diminution  is  9*2  inches. 
Between  Haselbury  Bryan  and  Sturminster  Newton  the  rate  is  still  greater, 
being  15*5  inches  in  4(  miles.  At  Haselbury  Bryan,  however,  the  fall  of  49*0 
inches  may  perhaps  be  increased  by  insplashing  from  some  flints  built  round  the 
gauge  to  support  it  in  position  ;  but  the  village  is  only  2}  miles  north-west  from 
Bulbarrow,  which  has  an  elevation  of  903  feet,  and  4  miles  north-east  of  Church 
Hill,  822  feet,  and  Nettlecombe  Tout,  854  feet,  and  it  is  the  proximity  of  high 
ground  rather  than  the  actual  elevation  above  sea-level  that  influences  the  fall  of 
rain." 

Old  Bain  Records  from  the  Holy  Land.— Among  the  shorter  notices  in  the 
Meteorologische  Zeilschrift  for  April  is  one  by  Dr.  Hann  on  extracts  from 
Vogelstein's  paper  **  Agriculture  in  Palestine  at  the  time  of  the  Misnah,"  his 
Doctor's  dissertation  at  Breslau  in  1894.  This  deals  with  the  Agriculture  in 
Palestine  during  the  first  two  centuries  a.d.  The  Misnah  mentions  two  seasons ; 
the  Rains  and  the  Dry  Season.  The  **  Former  Rain,"  to  use  the  Biblical 
phrase,  sets  in  soon  after  the  autumn  equinox.  Its  importance  was  sucli  that  if 
it  was  deficient,  prayers  were  at  once  ordered,  and  continued  drought  was  marked 
by  a  period  of  public  humiliation.  The  rain  was  measured  with  a  vessel.  In 
the  first  rain  3*5  ins.  ought  to  fall.  In  the  second  double  as  much,  and  in  the 
third  treble  as  much.  In  the  second  period  the  rain  should  fall  for  seven  days 
without  a  break.  The  "  former  rain  "  is  at  the  seed  time ;  the  "  latter  rain  '* 
in  the  month  Nisan  (March-April)  is  of  the  greatest  importance  for  the  harvest. 
Severe  thunderstorms  with  hail  occur  during  the  rains.  In  the  dry  season  rain 
is  very  unusual,  but  dew  is  very  abundant  and  of  the  greatest  benefit  to  the 
crops.  The  result  is  that  the  rain  of  Palestine  in  the  first  century  amounted  to 
about  21  inches  per  annum,  a  figure  which  agrees  pretty  well  with  modern 
measurements  at  Jerusalem. 

Meteorological  Charts  of  the  Red  Sea. — The  Meteorological  Council  have 
recently  issued  an  Atlas  of  Monthly  Wind  and  Current  Charts  of  the  Red  Sea, 
which  have  been  constructed  from  observations  mainly  taken  in  the  ordinary 
track  of  vessels  passing  along  the  central  line  of  the  sea,  and  the  charts  conse- 
quently only  show  the  average  phenomena  in  that  line.  A  new  form  of  wind- 
rose  has  been  adopted  in  the  preparation  of  the  Wind  Charts,  which  shows  not 
only  the  frequency  of  the  winds,  but  also  their  forces,  so  that  an  estimate  may 
be  formed  of  the  direction  and  strength  of  wind  likely  to  be  experienced  in  any 
part  of  the  sea. 

From  October  to  January  the  prevailing  winds  are  Northerly  over  the  northern 
half  of  the  sea,  but  they  are  Southerly  over  the  southern  part,  extending  further 
north  in  these  months  than  at  any  other  time  of  the  year.  From  February  to 
May  the  Northerly  winds  extend  further  south,  Southerly  winds  prevailing 
from  Perim  to  about  the  16th  parallel  ;  while  from  June  to  September  Northerly 
winds  blow  over  nearly  the  whole  sea.  Gales,  which  are  most  frequent  during 
the  winter  months  from  November  to  March,  are  encountered  chiefly  In  the  south- 
ern part  of  the  sea,  and  generally  blow  from  the  Southward. 

The  Current  Charts  give  the  set  in  each  24  hours,  and  an  examination  of  the 
arrows  shows  that  the  currents  in  the  Red  Sea  are  somewhat  erratic,  and  that 
while  their  velocity  is  not  usually  great  over  large  areas,  occasionally  strong 
streams,  frequently  across  the  line  of  a  ship's  track,  may  be  locally  experienced. 
In  the  Straits  of  Bab-el-Mandeb  direct  observations  are  very  dehcient,  but  ex- 
perience has  shown  that  when  the  wind  is  strong  from  either  the  Northward  or 
the  Southward  the  current  is  generally  strong  m  the  same  direction  in  these 
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narrow  waters.    The  currents  often  set  with  considerable  velocity  in  the  Gulf 
of  Aden. 

A  feature  of  some  interest  has  been  noticed  in  the  range  of  sea  temperature 
in  the  Strait  of  Bab-el-Mandeb,  near  the  Island  of  Perim.  In  this  neighbour- 
hood it  amounts  to  26°  at  the  period  of  the  South-west  Monsoon  ;  in  September 
the  highest  temperature  recorded  being  92°,  and  the  lowest  66°.  A  similar 
difference  has  been  observed  in  July  and  August.  In  June  and  October  the 
difference  in  the  extreme  temperature  is  16°,  and  the  least  difference,  7°,  occurs 
in  February. 

CnrrentB  of  the  North  Atlantic. — The  Pilot  Chart  for  June  has  a  map 
representing  the  drift  in  the  North  Atlantic,  as  indicated  by  bottle  papers  re- 
turned to  the  Hydrographic  Office  during  the  last  six  months,  a  star  marking 
the  spot  at  which  the  bottle  was  thrown  overboard,  a  circle  the  point  at  which 
it  was  recovered,  the  Hue  joining  them  being  drawn  in  a  majoritv  of  cases  as 
nearly  straight  as  intervening  bodies  of  land  would  permit,  and  in  the  remainder, 
conforming  to  some  extent  with  the  well-established  result  of  current  observa- 
tions. This  chart,  taken  in  conjunction  with  that  of  July  1891,  published  as  a 
supplement  to  the  Pilot  Charts  indicates  a  circular  movement  of  the  waters  of 
the  Atlantic  around  a  point  lying  to  the  south-west  of  the  Azores,  and  coinciding 
with  the  anticyclonic  region,  around  which  the  prevailing  winds  blow  in  a  similar 
direction.  Starting  from  a  point  to  the  southward  of  the  Grand  Banks  of  New- 
foundland, the  outer  edge  of  this  vast  circulating  system  of  waters  mounts 
towards  the  north-east  as  far  as  the  51st  parallel  of  latitude,  there  becoming 
easterly.  North-west  of  the  Azores,  a  portion  of  the  current  again  takes  a  north- 
easterly direction,  which  ultimately  lands  these  bottles  upon  the  coasts  of  Scot- 
land and  Norway.  The  main  body  of  the  drift,  crossing  the  meridian  of  20° 
between  40°  and  50^  N.  latitude,  turns  to  the  southward  and  parallels  the  shores 
of  Europe  and  Africa  until  the  latitude  of  the  Canaries  is  reached,  experiencing 
on  its  way  south  a  slight  deviation  towards  the  Straits  of  Gibraltar.  Quiting 
then  the  African  coast,  the  external  edge  takes  a  south-westerly  direction,  unites 
with  the  northern  portion  of  the  equatorial  current,  and  entering  the  Gulf  of 
Mexico  through  the  Yucatan  passage,  emerges  as  the  Gulf  Stream  by  the  Straits 
of  Florida. 

Although  the  period  of  drift  for  the  various  bottles  covers  widely  differing 
intervals  and  seasons,  the  results  for  any  one  region  show  a  fair  degree  of 
accordance. 


RECENT    PUBLICATIONS. 

American  Meteorological  Journal.    January-May  1895.     8vo. 

The  principal  articles  are  : — ^Variations  in  the  character  of  the  seasons :  by 
H.  Gawthorp  (7  pp.). — The  cause  of  the  cyclones  of  the  Temperate  latitudes  : 
by  W.  H.  Dines  (6  pp.).  The  author  discusses  the  problem  of  the  formation 
and  maintenance  of  the  cyclones  of  these  latitudes,  and  after  examining  the 
theories  of  Ferrel  and  Hann,  believes  that  the  weight  of  evidence  is  decidedly 
in  favour  of  the  former's  or  the  convection  theory. — Recent  foreign  studies  of 
Thunderstorms,  V.  and  VI. :  by  R.  de  C.  Ward  QO  pp.).  In  these  papers  the 
author  describes  the  work  done  in  connection  witn  thunderstorms  in  Russia  and 
Switzerland  during  the  last  few  years. — The  study  of  atmospheric  currents  by 
the  aid  of  large  telescopes,  and  the  effect  of  such  currents  on  the  quality  of  the 
seeing  :  by  A.  E.  Douglass  (18  pp.). — The  study  of  atmospheric  electricity  at 
sea :  by  Prof.  W.  P.  Magie  (3  pp.). — Periods  in  Temperature:  by  Prof.  ri.  A. 
Hazen  (3  pp.). — The  cause  oi  cyclones  :  by  Dr.  A.  Woeikof  (3  pp.).  This  is  a 
criticism  oi  Mr.  Dines's  paper  mentioned  above. — Meteorological  problems  for 
physical  laboratories :  by  Prof.  C.  Abbe  (4  pp.^. — Long  range  weather  forecasts : 
by  Prof.  H.  A.  Hazen  (4  pp.). — Topographic  influence  on  the  winds  of  the 
Weather  Maps :  by  F.  B.  White  (5  pp.). 
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Ciel  et  Terre.  Revue  Populaire  d*Agtro7iomu,  de  MMorohgie^  et  de  Phy$igus 
du  Olobe»  January-Jane  1895.  8vo. 
The  principal  meteorological  articles  are  : — Fleurs  de  glace  :  par  W.  Frinz 
(20  pp.).  This  is  illustrated  by  sketches  and  photographs  showing  the  forma- 
tion of  rime  or  hoar  frost. — Les  grands  froids  observes  en  Belgiqne :  par  P. 
Marchal  (9  pp.).  The  lowest  temperature  recorded  in  Belgium  during  the  frost 
of  1894-6  was— 26°'7  at  Ville  de  Bois.  In  Brussels  the  lowest  temperature 
recorded  in  any  winter  was  —  6°-0  in  1776-6. — La  p^riode  de  froid  dn  27  Janvier 
au  17  f^vrier  1896 :  par  A.  Lancaster  (8  pp.). 

Indian  Meteorological  Memoirs,  being  Occasional  Discussions  and  CompHa- 
tions  of  Meteorological  Data  relating  to  India  and  the  neighbouring 
Countries.    Vols.  V.- VI.    4to.     1894. 

These  contain  the  following  papers  : — The  diurnal  variation  of  atmospheric 
conditions  in  India ;  being  a  discussion  of  the  houriy  observations  recoraed  at 
twenty-five  stations  since  1878.  The  stations  dealt  with  in  parts  4-6  of  Vol.  V. 
are  Agra,  Allahabad,  and  Lucknow. — The  relation  between  sun-spots  and 
weather  as  shown  by  meteorological  observations  taken  on  board  ships  in  the 
Bay  of  Bengal  during  the  years  1856  to  1879  :  by  W.  L.  Dallas.  The  author 
says  that  considering  that  the  observations  investigated  extend  over  a  period 
embracing  only  two  cycles  of  the  required  number  of  years,  and  that  the  number 
of  observations  available  for  the  different  years  varies  so  largely,  the  curves 
appear  to  afford  confirmatory  evidence  that,  side  by  side  with  other  variations, 
there  exists  in  certain  classes  of  terrestrial  phenomena  an  eleven-year  cycle 
agreeing  to  a  certain  extent  with  the  eleven-year  cycle  in  the  solar  spots.  As 
opposed  to  this,  there  is  the  fact  that,  so  far  as  these  observations  show,  there 
is  no  connection  between  the  actual  number  of  spots  and  terrestrial  weather. — 
Investigation  into  the  mean  temperature,  humidity,  and  vapour  tension  condi- 
tions of  the  Arabian  Sea  and  Persian  Gulf  :  by  W.  L.  Dallas. 

Instructions  to  Observers  of  the  India  Meteorological  Department.     By  J. 
Eliot,  M.A.,  F.B.Met.Soc.,  Meteorological  Report^  to  the  Govern- 
ment of  India.     8vo.     108  pp.     1894. 
This  book  is  intended  to  supersede  the  Indian  Meteorologists*  Vade  Mecum, 
which  is  out  of  print.     Meteorological  observers  in  India  now  merely  take  the 
readings  of  certain  instruments  and  forward  the  observations  by  telegram  or  by 
post  to  the  Meteorological  Office.    The  reduction  and  preparation  of  the  data  for 
subsequent  use  and  discussion  is  done  in  one  or  otner  of  the  Meteorological 
Offices  in  India.    Hence  this  book  of  "  Instructions  "  is  confined  to  a  descrip- 
tion of  the  various  instruments  in  use  at  the  meteorological  stations  in  India, 
the  precautions  to  be  taken  to  maintain  them  in  good  order,  the  methods  to  be 
used  to  restore  them  to  good  order  when  it  is  possible  for  the  observer  to  do  it,  and 
the  proper  methods  of  reading  the  instruments  and  of  taking  and  recording  the 
observations. 

Kongliga  Svenska  Vetenskaps  Akademiens  Handlingar.    Band  20.    Afd.  I. 

No.  8.    8vo.    1896. 

Contains : — Sur  la  distribution  d,  Vienne  et  &  Thorshavn  des  616ments  m^t^o- 

rologiqnes  autour  des  minima  et  des  maxima  barom^triques :  par  P.  Akerblom 

(36  pp.).     This  is  a  continuation  of  an  investigation  of  a  similar  character 

Eublisned  in  1883  by  Prof.  Hildebrandsson,  as  regards  Upsala  only.  Dr.  Aker- 
lom  has  chosen  Vienna  as  a  continental  and  Thorshavn  as  an  oceanic  station, 
and  has  investigated  the  distribution  of  each  element  as  regards  the  position  of 
the  observing  station  with  respect  to  maxima  and  minima.  The  paper  does  not 
allow  of  being  abstracted  for  these  pages,  but  it  is  of  interest  to  find  that 
in  several  particulars  Dr.  Akerblom's  results  confirm  those  given  by  the  Rev. 
W.  Clement  Ley  in  his  paper  on  "  The  Relation  between  the  IJpper  and  Under 
Currents  of  the  Atmosphere  around  areas  of  Barometric  Depression,"  which 
appeared  in  the  Quarterly  Journal  Roy,  Met.  Soc.  Vol.  III.  (1877),  p.  437.  One 
very  interesting  result  comes  out  from  the  paper.  The  observations  of  M. 
Richter  at  Ebersdorf  in  Silesia  have  shown  that  the  motion  of  cirrus  in  that  dis- 
trict are  very  different  from  those  found  to  exist  both  in  Sweden  and  England. 
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Dr.  Akerblom  has  tested  the  Silesian  results  by  others  from  other  places  in  North 
Germany,  and  he  says  that  he  can  arrive  at  no  other  conclusion  than  that  in 
Sweden  and  Englana  the  axes  of  cyclonic  disturbances  reach  up  into  the  region 
of  cirrus  cloud,  while  in  lower  latitudes  the  disturbances  have  less  vertical  depth. 

Mettorologisehs  Zeitsehnft.    Redigiit  von  Dr.  J.  Hann  and  Dr.  G.  Hbllhann. 
December  1894-April  1895.    4to. 
The  principal  articles  are  :  Zum  250  jahrigen  Jabilaum  des  Barometers :  von 
G.  Heliman  (6  pp.).    This  is  a  risurrU  of  the  correspondence  in  Italian  which 

gassed  between  Torricelli  and  others  in  the  years  1643-44. — ^Natur  und  Ursache 
es  Polarlichtes  :  von  A.  Paulsen  (12  pp.).  This  is  a  paper  translated  from  the 
Verhendlungen  der  Konigl.  ddnischen  Akademie  der  fVissenschaften  in  Kopenhagen. 
Dr.  Paulsen,  during  his  stay  in  Greenland  in  1882-3,  had  copious  opportunities  of 
observing  aurora.  He  found  that  the  steady  displays  did  not  affect  the  magnetic 
needle,  while  those  that  moved  rapidly  did  affect  it.  The  curtain  displays  had 
the  greatest  action.  The  author  goes  on  to  show  that  it  is  not  the  electricity 
which  produces  the  aurora,  but  that  the  former  is  a  secondary  phenomenon  due 
to  the  latter.    He  considers  the  auroral  light  to  be  a  phenomenon  of  fluoresence, 

E reduced  by  the  absorption  of  an  energy  developing  itself  by  radiation  and 
aving  its  origin  in  the  upper  region  of  the  atmosphere.  In  other  words,  it  is 
not  the  arch  or  the  curtain  which  emits  the  light,  but  invisible  rays  which  become 
luminous  by  change  in  the  energy. — Der  Regenfall  auf  den  Hawaii  Inseln  :  von 
J.  Hann  (18  pp.).  This  is  an  interesting  account  of  the  climate  of  the  Sandwich 
Islands,  based  on  the  observations  collected  by  Mr.  C.  J.  Lyons,  Director  of  the 
Weather  Bureau  in  Honolulu.  Dr.  Hann  discusses  wind  and  rain.  He  shows 
how  the  Trade  wind  blows  constantly  at  low  levels,  and  becomes  a  wet  wind  as 
it  is  forced  to  ascend,  and  a  dry  wind  after  it  passes  the  cols.  If  the  moun- 
tain range  is  too  high  tor  the  Trade  to  get  over  it,  regular  land  and  sea  breezes 
set  in  on  the  lee  side.  The  paper  contains  several  rain  tables,  and  gives  us  more 
complete  information  than  exists  for  any  other  group  of  islands  in  the  Pacific. — 
Ueber  das  Wetterleuchten :  von  Dr.  W.  Meinardus  (8  pp.).  This  is  an  attempt 
to  explain  the  inaudibility  of  thunder  in  the  case  of  sheet  lightning  by  the  total 
reflection  of  sound  waves  from  air  strata  of  different  densitv  superposed  on  each 
other.  The  author  cites  as  a  proof  of  his  theory  that  thunder  has  oeen  heard  in 
balloon  ascents  at  much  greater  distances  than  ever  occurs  at  the  surface  of  the 
earth.  The  explanation  is  tlie  same  as  that  of  mirage  for  waves  of  light. — Zur 
Kenntniss  des  taglichen  Ganges  der  Luflfeuchtigkeit  in  den  Thalem  der  Cen- 
tralalpen  :  von  Dr.  F.  V.  Kemer  (9  pp.).  This  is  a  discussion  of  observations 
carried  on  with  Kappe's  hair  hygrometer  for  four  summers  at  Trins,  in  the 
Gschitz  Thai,  in  the  district  of  the  Brenner.  The  investigation  is  carried  out 
in  great  detail  as  regards  the  variations  in  vapour  tension  and  relative  humidity 
with  different  winds,  such  as  Fohn  winds  and  South-easterly  wind. — ^Temperatur 
und  Feuchtigkeitsbeobachtungen  Uber  und  auf  der  Schneedecke  des  Brocken- 
gipfels:  von  Dr.  R.  Sliring  (8  pp.).  These  observations  were  carried  on 
through  the  winter  of  1893-4,  and  give  a  fuller  amount  of  materiid  of  the 
action  of  a  snow  covering  than  existed  elsewhere.  The  foUowins  are  the  final 
results  : — 1.  In  makinf^  such  observations  no  protection  from  wind  can  be  used, 
as  the  differences  matenally  depend  on  wind  force.  2.  The  difference  of  tem- 
perature between  the  air  and  snow  surface  increases  with  temperature  and  with 
clearness  of  sky.  The  differences  at  the  height  of  1  cm.  are  reduced  to  one 
hsJf  their  value.  3.  With  cloud  or  snow,  the  snow  surface  is  usually  warmer 
than  the  air.  This  arises  fk-om  the  quicker  cooling  of  the  air.  4.  The  vapour 
tension  and  relative  humidity  of  the  air  is  usually  greatest  immediately  above 
the  snow.  5.  The  conditions  for  the  evaporation  of  snow  are  much  more 
favourable  than  for  condensation.  The  setting  in  of  the  latter  is  generally 
shown  by  the  occurrence  of  hoar  frost. — Wolken-studien  von  Clement  I^ey  :  von 
H.  Hildebrandsson  (9  pp.).  This  is  a  review  of  the  first  portion  of  Cloudland^ 
and  it  merits  careful  study  from  Dr.  Hildebrandsson*s  eminence  as  one  of  the 
highest  authorities  on  and  most  diligent  students  of  clouds.  He  points  out  that 
Mr.  Ley's  altitudes  differ  considerabfy  from  those  of  other  observers,  and  also  that 
the  idea  of  basing  a  classification  of  clouds  on  the  differences  of  origin  of  the 
different  types  is  premature,  as  the  agencies  which  give  rise  to  clouds  have  not 
sufficiently  Seen  studied.    Dr.  HUdebrandsson  compares  Mr.  Ley's  classification 


Digitized  by 


Google 


188  BBOBNT  FUBLICATIOMB. 

of  clouds  with  that  adopted  by  the  Committee  at  Upeala. — Ueber  Gewitterbil- 
dung  und  labiles  Gleichgewicht  der  Atraosphfire :  von  Prof.  W.  von  Besold 
(4  pp.^.  This  paper  on  the  formation  of  tnanderstormB,  and  on  the  unstable 
equiliDrium  of  the  atmosphere,  was  originally  prepared  for  and  sent  to  tJie 
Cnicago  Congress,  but  as  it  has  not  yet  Been  puolished  in  English,  Prof,  von 
Bezold  brings  it  out  in  German.  He  first  reminds  his  readers  of  the  distinc- 
tion  Mohn  has  drawn  between  heat  thundersrtorms  and  cyclonic  thunderstorms. 
The  latter  are  characterised  by  occurring  independently  of  diurnal  period,  being 
as  common  by  night  as  by  day,  in  contrast  to  heat  thunderstorms,  and  by  being 
more  frequent  on  the  coast  than  inland.  A  necessary  condition  for  the  produc- 
tion of  a  thunderstorm  is  the  existence  of  a  strone  ascendine  current.  Such 
a  current  must  carry  water  up  to  a  level  at  which  it  shall  be  congealed  to 
hailstones.  The  very  heavy  drops  of  thunder  rain  can  only  be  explained  bv 
their  being  hailstones  thawed  in  their  fall.  This  action  also  explains  the  chiil 
which  comes  on  in  thunderstorms.  All  heat  thunderstorms  are  due  to  unstable 
equilibrium  in  the  atmosphere,  and  this  is  attributable  to  three  separate  actions, 
viz. — 1,  overheating  of  the  lowest  strata  ;  2,  overcooling  of  the  upper  strata,  an 
agency  first  pointed  out  by  Prof.  W.  M.  Davis  ;  and  3,  retaraation  in  the 
change  of  condition  from  ice  to  water.  The  author  points  out  that  the  tlurd 
agency  is  very  likely  to  come  out  at  sea,  as  there  the  formation  of  oversaturated 
air  is  most  easily  explained.  The  paper  concludes  with  an  appeal  for  continuous 
observations  from  ships  taken  from  self-recording  aneroids,  in  order  to  see  if  the 
phenomenon  of  the  sudden  increase  of  pressure  in  thunderstorms  is  noticeable 
at  sea  as  on  land. — Eine  einfache  Formel,  die  ungef&hre  Hohe  der  Wolkenbil- 
dung  bei  adii^atischen  Zustanden  zu  bestimmen :  von  R.  Hennig  (6  pp.). 

Rainfall  in  the  East  Indian  Archipelago  1898,     8vo.     1894.     416  pp. 

The  number  of  stations  for  which  the  daily  rainfall  is  given  is  194,  of  which 
104  are  in  Java  and  Madoera,  and  90  in  Sumatra,  and  the  various  islands  of  the 
Eastern  Archipelago.  The  station  reporting  the  greatest  rainfall  in  1893  was 
Pelantoengan,  Java,  109°59'  E.  long.  7°&  S.  lat,  the  total  amount  being  204«7!2 
ins.  The  greatest  monthly  fall  was  45*05  ins.  in  February,  of  which  amount 
12-05  ins.  fell  on  the  5th. 

Results  of  Rain,  River,  and  EvaporaHon  Observations  made  in  New  South 

Wales  during  1898.     By  H.   C.  Bussbll,  B.A.,   C.M.G.,  F.R,8., 

Government  Astronomer  for  New  Sonth  Wales.    8yo.    1894.    226  pp. 

and  4  plates. 

In  1870  there  were  only  5  stations  in  the  colony  reporting  rainfall ;  now  Mr. 

Russell  has  an  organisation  of  1,286  stations.    The  rainfall  for  1893  was  28 

inches,  which  was  very  satisfactory.    This,  with  the  years  1889, 1890, 1891,  and 

1892,  makes  up  a  series  of  years  durine  which  the  seasons  were  exceptionidlj 

;ood  ;  indeed,  there  have  been  no  similar  series  of  eoually  good  years.    The 

lighest  floods  on  the  Darling  River  at  Bourke  were  34  n.  8  ms.  on  March  26th, 

and  39  ft.  3^  ins.  on  July  15th. 

Symons's  Monthly  Meteorological  Magazine.    January-May  1895.     Bvo. 

The  principal  articles  are  :— The  Gale  of  Saturdi^,  December  22nd,  1894 
(2  pp.). — The  Thunderstorm  of  January  23rd,  1895  (.5  pp.). — Classification  and 
Dennition  of  Clouds :  by  A.  L.  Rotch  (2  pp.). — ^The  Frost  of  January  and 
February  1896  (5  pp.).— Earth  Temperaturea  and  Water  Pipes  (11  pp.).— The 
Great  Gale  in  the  Mialands  on  March  24th  (3  pp.). 

The  Scientific  Roll  and  Magazine  of  Systematized  Notes.      Conducted  by 

AliSXANDEB  BaMSAT.      8V0. 

The  author  has  started  another  volume  of  The  Scientific  Roll,  which  is  devoted 
to  "  Climate :  Baric  Condition.''  An  abstract  is  given  of  various  books,  &c., 
dealing  with  the  barometer  and  atmospheric  pressure,  and  also  bibliography  of 
works  on  the  subject.    Parts  1  to  7  have  been  published. 
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THE    NOVEMBER    FLOODS    OF    1894   IN   THE 
THAMES    VALLEY. 

By  G.  J.  SYMONS,  P.R,S.,  and  G.  CHATTERTON,  M.A.,  M-Inst-CE. 

(Plate  6.) 


[Bead  May  15th,  1895.] 

The  mass  of  data  upon  this  subject  is  so  great,  that  it  is  only  by 
classification  and  by  division  of  labour  that  it  can  be  brought  before  the 
Society  in  anything  even  approaching  a  complete  form. 

Our  paper  will  therefore  be  divided  into  the  following  sections : — 

(1)  Notes  upon  the  flood  of  November  1894,  and  on  previous  floods. 

(2)  Tabular  list  of  the  dates  of  recorded  floods. 

(8)  Chronological  list  of,  and  notes  upon,  Thames  floods. 

(4)  Damage  in  1894. 

(6)  Relative  heights  of  the  principal  floods  since  1760. 

(6)  The  rain&ll  which  produced  the  flood  of  1894. 

(7)  Rate  of  progress  of  flood  down  the  river. 

(8)  Levels  of  the  flood  of  1894,  and  calculations  as  to  the  volume 
discharged. 
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There  is  another  preliminary  statement  which  we  desire  to  make,  viz.  onr 
indebtedness  to  the  Thames  Conservancy  Board  and  to  its  Engineer  for 
nnreservedly  placing  at  onr  disposal  the  official  records.  We  have  pur- 
posely thrown  the  Conservancy  Records  into  tables  separate  from  those  con- 
taining data  otherwise  obtained,  and  it  is  satisfactory  to  find  that  upon  points 
respecting  which  information  is  afforded  by  both  soorces,  the  agreement  is 
generally  as  close  as  could  be  expected,  when  we  remember  that  the  Thames, 
throughout  the  150  mUes  of  its  course  from  its  source  until  it  reaches 
Teddington,  has  not  a  single  automatic  recorder  of  its  height. 

(1)  Notes  upon  the  Flood  of  November  1894  and  on  previous  Floods, 
(Contributed  by  various  correspondents,  collected  from  various  sources,  and 
arranged  approximately  from  the  head  of  the  river  downwards  to  Teddington.) 

HuNasBFOBD. — ^The  floods  here  exceeded  all  previous  records ;  they  de- 
creased rapidly  on  the  15th,  and  by  10  a.m.  on  the  16th  the  streets  were 
nearly  dear. 

OxFOBD,  Maodalbn  Collbob  Labobatoby. — ^The  height  of  the  Cherwell  is 
taken  at  10  a.m.  daily  near  Magdalen  Bridge,  our  zero  being  178*90  ft.  above 
Ordnance  datum.  The  highest  floods  since  January  Ist,  1877,  have  reached 
the  following  altitudes : — 


ft. 

1882,  Nov.  10—184-15 

1883,  Feb.  12—184-96 
1887,  Jan.  21-184-80 
1894,  Nov.  16—184-66 


ft. 
1877,  Jan.    5—184-66 

1880,  Feb.  21—184-18 
„    Oct.    9—184-05 

1881,  Deo.  20—184-04 

1882,  Oct.  26—184-90 

The  floods  of  October  26th,  1882,  and  of  February  I2th,  1888,  were  therefore 
about  4  inches  higher  than  the  recent  one,  but  no  other  was-  equal  to  it. 
The  daily  values  from  October  28rd  to  November  80th,  1894,  were  as 
under: — 

ft.  ft. 

5—182-06 

6—181-66 

7-181-26 

8—181-60 

9—181-69 

10—181-62 

11—181-52 

12—181-64 

18—182-61 

14—182-99 

16_184-40 

16—184-56 

17_184-08 


Oct.  28—179-01 
„  24-179-89 
„  25-179-51 
„  26—179*67 
„  27—180-20 
„  28—180-58 
„  29—180-79 
„  80—180-82 
„  81—181-46 
1-181-77 
2—182-10 
8—182-89 
4—182-26 


Nov. 


Nov, 


Nov. 


ft. 
18-188-65 
19-188-88 
20—182-97 
21—182-70 
22—182-44 
28—182-24 
24—181-94 
25—181-60 
26—181-21 
27—180-97 
28—180-74 
29--180-62 
80—180-42 
J*  J,  Manby, 


Digitized  by 


Google 


BYMONS  AND  OHATTBBTON — FLOODS  IN  THAMBB  VALLEY.  191 

OxFOBD. — The  following  are  the  levels  of  the  floods  of  1891  and  of  1894, 
referred  to  Ordnance  datum : — 


1891. 

1894. 

ExoesB. 

ft. 

ft. 

ft. 

King's  Weir,  2i  miles  NW 

194-86 

196-10 

-26 

Godstow  Lock,  IJ  miles  NW 

..;        190-78 

19108 

•25 

Mean  of  8  records  in 

the  City 

...  -      187-66 

188-26 

-70 

Water  Works      •.. 

.•• 

188-41 

184-80 

1-89 

New  Hinksey      ... 

... 

182-62 

188-60 

1-08 

Iffley  Boad 

■■• 

181-79 

188-80 

1-61 

Iffley  Lock 

•.■ 

181-86 

182-74 

•89 

Eennington 

••• 

180-10 

181-90 

1-80 

W.  H.  Whits,  C.E.,  City  Engineer. 
Oxford. — The  flood  of  1894  was  highest  on  Friday  (16th).      Here  the 
1875  flood  was  much  greater  than  that  of  1852. 
Abinqdon. — The  rcdnfall  measured  at  the  Sewage  Farm  at  4  p.m.  was : 

ins. 
Nov.  12th         ...         1-58) 

„    18th        ...  -40 {  8-65  ins.  in  three  days. 

„    14th        ...        1-72' 
„    16th        ..•  -09 


8-74 

The  level  of  the  water  in  the  Thames,  from  information  i 

supplied  by  the 

respective  surveyors,  was : 

Town.                Normal  Levd. 

Flood  Level. 

Bise. 

Date. 

ft. 

ft. 

ft. 

Nov. 

Oxford                179-60 

188-80 

8-70 

16th 

Abingdon*           162-00 

168-96 

6-96 

16th 

Beading              120-60 

127-82 

6-82 

Henley 

... 

6-26 

16th 

Maidenhead         78-68 

81-66 

7-94 

17th 

Windsor              68-86 

67-78 

8-87 

The  level  of  the  Ook  river,  in  Ock  Street,  on  November  16th  was  172*22 
ft.  above  Ordnance  datum,  and  that  of  the  Stert  stream,  near  the  Railway 
Station,  on  the  14th  was  176*87,  and  the  flooding  at  Abingdon  was  due 
rather  to  the  volume  of  water  brought  down  by  these  streams  than  to  that 
brought  down  by  the  Thames. 
At  Abingdon  Lock  the  1894  flood  was  4  ins.  above  that  of  1876. 
At  Clifton  Bridge  the  1894  flood  was  6  ins.  above  that  of  1875. 

O.  Winship,  C.E.,  Boro'  Surveyor. 
LoNQ  WiTTRNHAH. — The  foUowiug  have  been  the  principal  floods  for 
nearly  200  years.    The  heights  are  the  heights  above  high  water  mark  :— 
1764,  Jan.  14  —The  greatest  for  80  years. 

1768,  Dec.  8,    7  fl.  7i  ins.— ^Bapid  thaw  after  snow ;  greatest  for  80  yearSi 

1  Opposite  Bt.  Helen'i  ChoroL 


Digitized  by 


Google 


192  S«0N8  AND  OHATTBBTON — ^FLOODS  IN  THAUB8  YALLVT. 

1774,  Mar.  10,    8  ft.    1  in.  — Greatest  for  a  century ;  carried  away  Henley 

Bridge. 
1809,  Jan.  27»    9  ft.    1  in.  — Greatest  on  record,  6  ins.  above  1894. 
1821,  Dec.  26?    8  ft.  10  ins. 
1852,  7  ft.  10  ins. 

1876,  Nov.  15,    8  ft.    1  in. 
1894,  Nov.  16,    8  ft.    8  ins. 

In  1894  the  level  was  nearly  nnitorm  from  10  a.m.  to  4  p.m.  on  16th, 
bat  the  absolute  maximum  was  at  4  p.m.  In  1875  the  flood  was  also  high- 
est at  4  p.m.,  but  on  the  15th,  not  on  the  16th.  F.  C.  CluUerbuck. 

Ltttlb  Wittbmhau. — ^Here  the  1894  flood  exceeded  that  of  1821  by  4( 
ins.,  but  it  was  7i  ins.  below  that  of  1809.  F.  C.  Clutterbuck. 

DoBOHxsTBB. — 1894  flood  not  so  high  as  1809,  but  5  ins.  above  1821. 

SHiLLiiioroBi>.--In  the  malthouse  wall  by  the  riverside  are  two  stones — 
one  records  the  level  of  the  flood  of  December  8rd,  1768,  and  the  other 
(1  ft.  6i  ins.  higher)  that  of  January  27th,  1809.  The  flood  of  1894  was 
7  ins.  above  that  of  1768,  and  Hi  ins.  below  1809;  it  exceeded  that  of 
1852  by  1  ft.  5  ins.,  and  that  of  1875  by  2  ft.  4  ins. 

Pbxston  GaowiiABSH. — ^The  1809  mark  at  '<  The  Swan  "  was  not  reached 
by  1  ft.  9  ins. 

WALLiNoroBD. — The  highest  point  in  1894  was  151*40  ft.  above  Ordnance 
datum,-  or  10  ft.  6  ins.  above  summer  level.  At  Bush  Court  the  1894  flood 
was  12  ins.  below  that  of  January  27th,  1809,  and  14  ins.  above  that  of 
1875.  Below  Wallingford  Bridge  the  excess  above  1875  was  greater,  being 
17i  ins. 

GbBiNG. — ^The  flood  in  1894  was  highest  on  the  night  of  the  15th,  and 
until  2  a.m.  on  the  16th  ;  it  was  about  lift,  above  ordinary  level. 

Whitohukoh. — ^The  following  notes  are  in  the  Begister  of  this  Parish  : — 

1765|  November.    A  greater  flood  than  ever  known. 

1770,  February.    Another  flood,  but  4  ins.  lower. 

1774,  February  (?  March).  A  flood  14  ins.  higher  than  either  of  the 
above. 

1809,  January.    A  very  high  flood. 

By  the  description  of  the  local  marks  which  the  flood  of  1809  attained,  it 
may  be  judged  that  1894  was  the  exact  counterpart.  The  contributing 
cause  of  the  late  flood  was — ^that  all  the  local  small  streams  were  greatly  over- 
charged by  the  first  ilEdl  on  November  12th  of  1*56  in.,  before  *they  had 
discharged  came  the  second  fall  of  1*60  in.  with  a  repetition  by  the  brooks 
just  as  the  head  waters  of  the  Thames  delivered  the  accumulation  from 
above.  On  Thursday,  16th,  at  4  p.m.,  I  had  seen  my  neighbour's  horses 
put  up  in  my  stables  without  reason  for  fear,  and  at  9  p.m.  the  horses  were 
standing  a  foot  deep  in  water.  This  height  continued  till  Saturday,  17th« 
when  a  marked  decline  was  visible,  which  rapidly  increased.      J.  Blatter, 

Maflbdxjbham. — On  the  15th,  at  noon,  the  |water  in  the  Parish  Church 
was  several  inches  above  the  mark  of  the  1764  flood. 

BBAPnva. — ^In  the  register  of  St.  Mary's  Parish,  it  is  stated  that  on  Jan« 
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nary  18-19,  1678,  there  was  a  greater  flood  than  conld  be  remembered  by 
any  person  then  liying.  The  ordinary  level  of  the  Eennet  above  the  weir  at 
the  pumping  station  is  116*25  ft.  above  Ordnance  datum ;  in  1891  it  rose  to 
122-08  ft.,  and  in  1894  to  122*78  ft.,  or  an  excess  of  9  ins.  above  1891. 
The  flood  of  November  17th,  1852,  was  2  ins.  higher  than  that  of  Novem- 
ber 16th,  1875.  At  Caversham  Bridge  the  ordinary  summer  level  is 
120*50  ft.  above  Ordnance  datum,  in  October  1891  it  rose  to  124-82  ft.,  and 
on  November  16th,  1894,  to  126-05  ft. 
SoNNiNG. — ^The  great  floods  of  this  century  have  been — 
1809 


1821 

1852 

Nov.  17 

1875 

Nov.  16 

1882 

Oct.  28 

1891 

Oct.  24 

1894 

Nov.  16 

above  high  water  mark 


8  ft.  8  ins. 
8  ft.  5  ins. 
8  ft.  Si  ins. 
8  ft.  2  ins. 
4  ft.  2  ins. 

.    I  have  not  the  precise  figures  for  the  early  years,  and  owing  to  changes  in 
the  river  they  would  not  be  strictly  comparable.  J.  Witherington, 

Henlbt. — ^The  flood  in  1894  rose  1  foot  during  the  night  of  November  17th, 
and  began  to  faU  on  the  18th.  It  was  12^  inches  less  than  that  of  1809, 
but  14  inches  greater  than  that  of  1852.  R.  PreUt,  Boro'  Surveyor. 

Mablow. — The  flood  was  highest  on  the  17th,  and  fell  on  the  18tii.  It 
was  well  above  those  of  1852  and  1875. 

Bocjbnb  End. — ^The  1894  flood  was  6  or  8  inches  higher  than  that  of  1852, 
and  higher  than  known  by  any  person  now  living.  E,  Townsend. 

CooKHAH. — ^The  flood  at  4  a.m.  on  18th  (?  17th)  was  9  inches  above  any 
existing  record. 

Boultbb's  Look. — The  flood  was  highest  at  2.15  a.m  on  17th ;  it  was 
5  ft.  8  ins.  above  high  water  level,  and  1  foot  higher  than  previously 
recorded. 

Taflow.— The  1894  flood  was  from  5  to  12  inches  above  that  of  1852. 
Maidenhbad. — ^The  following  levels  were  taken  as  under : — 

Oct.  2,  level  of  river  70*62  ft.  above  Ordnance  datum. 

Nov.  1        „        „    75*42  „  „ 

„  15        9,        ,1    80*00  „  „ 

„  16         „        „    81-00  „  „ 

„  17        „        „    81*56  „  „ 

The  flood  was  from  6  to  8  inches  above  that  of  1852. 

W.  FUtcher  Robimon^  C.E. 
Slough. — ^At  the  Waterworks  the  river  rose  22  inches  between  the  night 
of  the  17th  and  6  a.m.  on  the  18th, 

An  engineer  reports  that  the  1894  flood  was  4  inches  above  that  of  1852, 
and  18  inches  above  that  of  1877.  O.  BerUUy. 

WiNDsoB, — Higher  than  any  previous  record,  the  nearest  being  in 
1742,  which  was  a  few  inches  less. 
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1821—62 

6 

1828—62 

8 

1824—61 

8 

1828—61 

2 
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Eton. — ^In  the  College  battery  is  marked  the  level  of  the  flood  of  March 
10-11,  1774 ;  the  flood  of  1894  did  not  reach  it  by  4i  inches. 

jR.  F.  Orantham,  C.E. 
Staikxs.— The  1894  flood  here  was  10  inches  below  that  of  1821.    The 
following  are  the  flood  levels  at  Staines  (of  61  ft.  and  upwards)  as  given  in 
the  Appendix  to  the  Report  of  the  Select  CommiUee  on  Thames  Floode  Pre- 
vention (1877),  but  referred  to  Ordnance  datmn ; — 

ft.    in. 
1841,  51     1 

1862,  Nov.  18—61     8 

1876,  „     17—61     6 

1877,  Jan.  11—61     6 
1894.  Nov.      —61    8i» 

R.  F.  Graniham.  C.E. 

Chebtsby. — Flood  just  eqnal  to  that  of  1862* 

Shbppbbton. — The  1894  flood  was  five  inches  above  that  of  1821. 

SuNBUBT. — The  1894  flood  is  said  to  have  been  the  highest  since  1742, 
4  inches  above  that  of  1821,  and  8  inches  above  that  of  1862. 

E.  MoLXSvT. — The  flood  in  the  Mole  was  highest  on  November  14thy 
that  in  the  Thames  on  the  18th.  This  flood  was  several  inches  higher  than 
that  in  1877.  Af.  C.  Jenhyns. 

E.  MoLESET. — The  flood  was  highest  from  9  a.m.  to  noon  on  the  18th  ; 
it  was  14  inches  above  that  of  1877,  bat  8|  below  that  of  1821. 

Hamptok. — ^There  is  a  tablet  at  the  base  of  Mr.  T.  Green's  honse  (Old 
Ferry  House)  which  records  the  level  of  the  flood  of  March  1774,  but  this 
was  not  reached  by  about  a  foot. 

At  Spring  Grove  Wall  the  record  of  the  1862  flood  was  submerged  9  ins. 

Kingston. — The  flood  was  11  ft.  6  ins.  above  summer  level,  and  7  inches 
higher  than  that  of  1877. 

TEDDmoTON. — ^The  flood  was  above  all  recent  ones,  but  10  inches  below 
that  of  1821. 

Below  Teddington^  therefore  tidal 
TwiosENBAM. — ^A  greater  flood  than  that  of  1876  ;  it  was  highest  at  the 
top  of  the  evening  tide  on  November  18th.     There  is  a  mark  here  of  the 
flood  of  March  1774 ;  that  mark  is  21  ft.  9^  ins.  above  Ordnance  datum, 
the  recent  flood  did  not  reach  it  by  2  ft.  9i  ins.  O,  B  Laffan,  C.E. 

(2)  Tabular  List  of  the  Dates  of  recorded  Floods. 

Note. — ^As  ftur  as  possible  these  dates  are  those  of  land  floods.  In  London 
damage  has  frequently  resulted  from  high  tides.  The  present  paper  deals 
with  land  floods  above  Teddington,  and  therefore  above  the  reach  of  the 
tides;  some  of  the  very  early  entries  may  refer  to  tidal  iiyury,  but  all 
known  cases  have  been  excluded. 

1  Thia  last  was  taken  by  myself  at  the  railway  bridge  over  the  river. 
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Tear. 

Date. 

Tear. 

Date. 

Year. 

Date. 

9 

— 

1766 

Nov. 

1866 

Jan.  18 

48 

— 

1768 

Deo.  8 

1867 

Mar.  27 

479 

— 

1770 

Feb. 

1869 

Jan.  9 

978 

— 

1774 

Mar.  10-11 

99 

Deo.  20 

1099 

— 

1796 

Feb.  12 

1872 

Jan.  26 

1240 

— 

1809 

Jan.  27 

l» 

Deo.  17 

1566 

Sep.  21 

1821 

Dee.  26 

1876 

Nov.  16-18 

1664 

Sep.  20 

1828 

— 

1876 

Deo.  9 

1660 

Nor.  11 

1824 

— 

1877 

Jan.  11 

1678 

Jan.  18-19 

1828 

— 

1882 

Oet.28 

1680 

June 

1886 

— 

1868 

Feb. 

1742 

— 

1841 

Jan.  16 

1891 

Oot.  24-25 

1768 

— 

1862 

Nov.  17-18 

1894 

Nov.  16 

1764 

Jan.  14 

1868 

July  18 

(8)  Chronological  lAst  of,  and  Notes  upon,  Thames  Floods. 

A.D.  9. — The  earliest  recorded  Thames  flood.    It  is  said  to  have  over- 
flowed the  banks,  and  destroyed  many  inhabitants. 

48. — The  Thames  overflowed,  the  waters  extended  through  foor  counties, 
10,000  persons  were  drowned,  and  much  property  was  destroyed. 

479. — The  Thames  much  flooded,  both  above  and  below  London ;  great 
damage. 

973. — Thames  greatly  overflowed,  many  persons  drowned. 

1099. — Thames  greatly  flooded  on  festival  of  St.  Martin. 

1240. — Thames  greatly  flooded  from  rains.    Extended  above  6  miles  at 
Lambeth. 

1666. — Sept.  21st,  great  flood  in  the  Thames  owing  to  excessive  rains. 
It  overflowed  its  banks,  and  Westminster  HaU  was  flooded. 

X564. — Sept.  20th,  Thames  greatly  overflowed. 

1660. — Nov.  11th,  great  floods  in  the  Thames  vaUey. 

1680. — Jane,  great  floods  at  Oxford. 

1762. — Great  flood  in  the  Thames  valley. 

1753. — The  vast  extent  of  meadow  from  the  source  of  the  Thames  to  the 
river's  mouth  was  ahnost  covered  with  water. 

1764. — ^In  the  Register  book  of  Bicester  is  a  note  that  <<  It  began  raining 
June  19th,  1768,  and  continued  mostly  wet  weather  till  the  beginning  of 
February  1764 ;  and  [there]  was  a  perpetual  flood  for  the  most  part  of 
November,  December,  and  January,  15  weeks."  A  report  from  Abingdon 
dated  February  11th,  1764,  states  that  great  distress  prevailed  among  the 
bargemen,  as  they  had  not  been  able  to  work  for  two  months,  by  reason  of 
the  floods,  and  one  from  Oxford  ten  days  later  (February  21st)  says  that  the 
first  barges  started  that  day  as  the  floods  have  so  much  abated. 

17Q3. — Heavy  rains  at  the  end  of  November.  On  December  1st  the 
Thames  at  Beading  rose  2  ft.  6  ins,  in  less  than  half  an  hour,  to  a  point 
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higher  than  had  been  observed  for  80  years.  The  Eennet  and  Loddon  over- 
flowed their  banks.  Burfield  Bridge  and  part  of  Twyford  Bridge  were  washed 
away.  The  Isis  at  Oxford  rose  1  fb.  6  in.  above  any  existing  high  water 
mark.  The  Exeter  coach  with  six  passengers  and  four  horses  was  carried 
away  by  the  flood  near  Stames,  and  all  were  drowned.  The  flood  there  was 
80  excessive  that  1»000  men  were  engaged  in  making  drains  to  carry  it  off. 

1774. — March  12th,  great  flood  in  the  Thames,  partly  tidal  bat  chiefly 
due  to  excessive  rain.  At  Chesham  and  at  Amersham  (botii  in  Buckingham- 
shire) a  boat  could  be  rowed  through  the  town  and  the  water  rose  1  ft.  above 
any  previous  flood.  One  farmer  lost  over  400  sheep.  At  Sandford,  8  miles 
from  Oxford,  and  at  Shillingford  the  brook  was  so  swollen  that  a  horse  could 
swim  over  the  high  road.  The  West  Country  coaches  were  stopped  at 
Slough  and  Staines.  A  chaise  and  pair  of  horses  were  washed  away  from 
Windsor.  At  Kingston  the  water  reached  the  Town  Hall,  and  it  undermined 
the  church,  doing  damage  to  the  extent  of  i6800,  and  it  also  tore  open  some 
graves.  At  Teddington  the  water  reached  the  church,  and  rose  in  it  to  a 
considerable  height.  It  did  not  actually  flood  Westminster  Hall,  but  was 
within  a  few  feet  of  it ;  nearer  in  fact  than  for  forty  previous  years. 

1795. — Heavy  flood  in  the  middle  of  February.  At  High  Wycombe 
inhabitants  had  to  take  to  upper  rooms.  At  Maidenhead  carriages  could 
pass  through  the  flood  only  by  opening  the  doors  and  letting  the  water  flow 
through.  At  Staines  the  Thames  on  the  12th  was  9  ins.  higher  than  on  the 
11th,  and  it  was  so  high  that  the  Southampton  coach  was  upset.  At  Coin- 
brook,  owing  to  the  road  being  covered,  four  vehicles  were  upset,  viz.  the 
Gloucester  and  the  Windsor  coaches,  a  chaise  and  a  waggon.  At  Hampton 
and  Sunbury  much  land  was  under  water,  and  boats  were  used  in  the  streets 
of  Kingston. 

1809. — ^Flood  at  the  end  of  January,  due  to  rain  melting  deep  snow. 
At  Stony  Stratford,  on  the  29th,  a  waggon  and  team  were  overturned  by  the 
flood  and  the  driver  and  nine  horses  were  drowned.  So  deep  was  the 
*'  brook  "  that  not  a  vestige  of  the  waggon  could  be  seen,  and  it  was  six 
hours  before  the  accident  was  discovered.  A  farmer  going  from  Windsor  to 
Stoke  was  washed  into  a  field  with  his  cart  and  horse.  He  was  rescued  by 
a  boat.  H.M.  George  in.  had  to  remain  at  Windsor,  as  the  ford  at  Datchet 
was  impassable,  and  Eton  Bridge  had  been  carried  away. 

There  was  a  flood  four  days  previously  (January  25th)  which  carried  away 
bridges  at  Deptford  and  Lewisham,  but  it  may  have  been  tidal. 

1809. — ^Another  flood  occurred  at  the  end  of  April.  On  the  26th  the 
Windsor  coach  was  overturned  into  the  water  on  the  Eton  College  playing 
fields.  Boats  were  used  in  the  streets,  and  the  King  had  to  go  to  London 
by  Egham  and  Staines,  as  the  road  through  Slough  was  flooded. 

1821-2. — ^Flood  in  the  last  days  of  December  1821.  The  Eennet  and 
the  Thames  overflowed  to  a  greater  extent  than  for  15  [?  12]  years.  The 
road  from  Beading  to  Caversham  was  impassable,  one  bridge  being  carried 
away,  and  aU  communication  with  Oxford  was  stopped.  At  Pangboume 
some  houses  had  several  feet  of  water  in  their  ground-floor  rooms.     The 
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flood  at  Maidenhead  was  about  the  same  as  m  1796,  but  not  so  high  as  about 
86  years  ago  [?  1774]  •  At  Henley  it  was  said  to  be  the.highest  since  1809. 
There  was  no  oommunioation  between  Egham  and  Staines  except  by  boat. 
On  December  29th  the  water  reached  half  way  up  the  market  place  at 
Kingston. 

1823. — A  sudden  flood  at  the  beginnmg  of  November.  Seventy  sheep 
were  drowned  near  Aylesbury.  The  flood  at  Oxford  was  reported  to  be  on 
November  1st  higher  than  remembered,  at  Windsor  also  it  was  said  to  be  the 
greatest  for  many  years,  Eton  was  surrounded  and  no  one  could  traverse  the 
streets  except  in  a  cart  or  boat,  Windsor  Little  Park  was  flooded  and  no 
carriages  could  reach  Windsor  from  Datchet. 

1841. — January  16th.  Heavy  snow  was  lying  over  much  of  the  Thames 
vaUey,  but  there  seems  to  have  been,  besides  a  thaw,  some  exceptional  rain  or 
bursting  of  a  bank  near  Oranboume  (2  miles  south  of  Windsor),  for  in  the 
course  of  half  an  hour  after  9  p.m.  so  much  water  poured  into  Windsor 
that  many  of  the  streets  were  4  ft.  deep.  At  the  Adelaide  Hotel  in  Sheet 
Street,  in  less  than  10  minutes  from  the  first  indication  of  a  flood  the  cellars 
were  completely  filled.  The  flood  continued  to  rise  gently  till  about  1  a.m., 
and  then  subsided.  A  policeman  hearing  dogs  crying  called  up  the  owner, 
who  found  his  stable  with  4  ft.  of  water  in  it,  the  horse  in  great  distress,  and 
the  two  dogs  nearly  exhausted  with  swimming  and  barking.  The  flood 
covered  the  Eton  playing  fields  about  8  ft.,  and  there  were  also  considerable 
floods  near  West  Drayton. 

1852. — ^The  Duke  of  Wellington's  flood,  which  was  general  over  the 
country,  was  one  of  the  great  ones  in  the  Thames.  A  correspondent  at 
'Oharlbury,  Oxon.,  said  (referring  probably  to  November  12th  to  19th).  '*  The 
Evenlode  Valley  has  for  more  than  a  week  been  like  an  immense  lake."  Of 
Oxford  on  November  15th  it  was  said,  *'  This  city  stands  literally  in  a  sea  of 
water,  the  whole  of  the  surrounding  country  being  flooded."  The  report 
from  Beadmg  (18th  ?)  says,  ''  No  parallel  flood  has  occurred  since  1841,  and 
none  exceeding  it  except  that  in  1809,  which  was  produced  by  the  sudden 
melting  of  deep  snow.  The  Thames  was  highest  on  November  17th,  but 
the  Eennett  was  higher  on  November  28th.  Oaversham  lock  was  much 
damaged."  At  Windsor  (on  16th  ?)  part  of  the  Home  Park  was  4  ft.  under 
water,  but  even  that  was  exceeded  12  years  ago  (t.^.  in  1841).  After  about 
the  19th  the  flood  decreased  until  the  28rd,  but  then  it  turned  to  rise,  and 
on  the  25ih  was  as  high  as  ever.  At  Putney  the  towing  path  was  6  ft. 
under  water.  Four  miles  of  the  Great  Western  line  was  flooded  between 
Hanwell  and  Paddington. 

1853. — Excessive  rain  on  July  18th  and  14th,  producing  floods  and 
washing  away  much  hay.  For  miles  on  the  eastern  side  of  Banbury  little 
but  water  could  be  seen,  the  Cherwell  soon  overflowed,  and  one  of  the  mills 
was  more  deeply  flooded  than  it  had  been  for  50  years.  In  passing  Beading 
it  flooded  much  of  the  town,  and  at  Swallowfield  the  meadows  were  under 
8  ft.  of  water.  This  flood  appears  to  have  been  even  more  disastrous  on  the 
Ouse,  north-east  of  the  Thames  basin. 
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1866.— Slight  floods  at  Oxford  and  in  the  Thames  between  Jaxuiagr  < 
and  February  lOfch. 

1867. — ^Thames  over  its  banks  at  Windsor  im  Ibreh  27th. 

1868.— On  Deflfimbar  £fitti,  Christ  Church  Meadow,  Oxford,  was  under 
'Wttter,  and  so  was  most  of  the  low-lying  land  near  the  river. 

1869. — ^Heavy  rains  in  the  first  week  of  January  produced  considerable 
floods.  Much  land  flooded  near  Beading.  A  horse  and  cart  were  washed 
away  near  Caversham,  and  at  Sonning  and  Twyford  the  floods  were  reported 
as  higher  than  for  many  years.  The  highest  point  at  Maidenhead  seems  to 
have  been  on  January  9th. 

1869. — Slight  floods  were  produced  about  December  20th  by  rain  during 
the  previous  week. 

1872. — ^A  considerable  flood  in  Christmas  week.  Oxford  was  surrounded  by 
water,  punts  had  to  be  used  in  some  of  the  streets  of  Windsor  and  Eton,  but 
the  flood  there  was  reported  as  2  ft.  below  that  of  1852.  At  Maidenhead  it 
was  reported  as  higher  than  any  since  1852. 

1876. — July  15th-28rd.  This  was  the  period  of  the  great  Monmouthshire 
floods,  and  the  Thames  basin,  though  not  suflering  with  equal  severity,  had  a 
very  heavy  rainfall.  Houses  flooded  in  many  districts,  and  railway  traffic 
interrupted. 

1875. — ^November  10th-17th.  A  very  heavy  flood  due  to  continuous 
rains,  producing,  along  the  lower  parts  of  the  river,  higher  floods  than  had 
been  reported  since  1852. 

1877. — January  11th.  A  high  flood  which  had  been  accumulating  from 
about  Christmas  reached  its  maximum  on  this  day,  and  very  nearly  equaUed 
the  flood  of  1852.  There  was  the  usual  discomfort  and  ixgnry  in  the  upper 
part  of  the  river,  and  as  it  synchronised  with  a  very  high  tide,  there  was  great 
destruction  in  Southwark  and  all  low-lying  places  along  the  river. 

1882. — October  24th.  Heavy  rains  in  the  middle  of  October,  resulting 
in  considerable  floods  and  consequent  destruction  of  property. 

1891. — October  25th.  An  extremely  wet  month,  floods  rose  steadily  and 
at  Oidbrd  were  highest  on  25th. 

(4)  Damage  in  1894. 

With  reference  to  the  damage  done  by  the  1894  flood,  it  is  impossible  to 
enter  into  details.  It  would  be  an  endless  repetition  of  the  story  of  flooded 
homes,  spoiled  furniture  and  provisions,  of  food,  coals  and  letters  conveyed 
by  boats,  and  delivered  into  upper  windows.  We  ourselves  visited  many  of 
the  houses  which  had  had  from  2  to  4  fb.  of  water  in  the  sitting  rooms.  We 
heard  of  one  where  the  billiard  room  was  filled  ahnost  up  t-o  the  ceiling. 
And  these  were  not  isolated  cases,  but  streets,  and  roads,  and  crescents,  we 
might  almost  say  towns,  have  been  built  upon  land  which  the  slightest 
inquiry  would  have  shown  was  far  below  the  flood  level  of  1821,  and  there- 
fore unfit  for  human  habitations  of  the  usual  kind.  One  of  the  sad  and  yet 
ludicrous  features  of  a  visit  to  the  flooded  districts  was  to  see,  rising  through 
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the  water  in  dozens  of  localities,  posts  bearing  large  posters  annonneing 
'*  Eligible  building  land  to  let."  Doubtless  by  this  time  some  energetie 
specnlator  is  busy  erecting  thereon  a  *'  rhenmatic  trap  "  on  what  now  looks 
beaatifol  in  its  mantle  of  green  and  ot  flowers,  and  he  is  tolerably  snre  to 
find  some  young  couple  to  take  possession  of  it  and  find  too  late  that 
beauty  is  not  everything.  That  the  local  anthorities  ought  to  pass  such 
plans  and  to  undertake  to  sewer  such  roads  we  deny ;  but  they  have  done  so, 
and  untold  misery  is  the  result. 

(5)  Bdativs  hsight  of  the  prinoipal  Floods  since  1750. 

Our  next  tables  are  adapted  for  reference  rather  than  for  reading  aloud. 
They  both  have  one  object,  that  of  showing  the  relation  of  the  height  of  the 
1894  flood  to  that  of  previous  floods,  and  they  difler  only  in  this,  that  one  is 
compiled  firom  a  variety  of  sources,  and  attempts  to  go  back  more  than  180 
years;  the  other  is  compDed  entirely  from  data  supplied  by  the  Thames 
Conservancy,  and  deals  almost  exclusively  with  the  floods  of  the  last  20 
years.  Roughly  the  result  is  to  show  (as  might  have  been  expected)  that 
each  flood  has,  so  to  speak,  an  individual  character ;  some  are  very  high  in 
one  part  of  the  river,  others  in  another.  For  instance,  the  1894  flood 
seems  to  have  been  lower  than  that  of  1821  near  Oxford,  Staines,  and 
Teddington,  but  higher  at  Long  Wittenham  and  near  Shepperton.  Again, 
the  1774  flood  was  unimportant  in  the  Upper  Thames,  but  it  carried  away 
Henley  Bridge,  and  in  the  vicinity  of  Teddington  was  far  above  1894  or  any 
other  on  record. 

Taking,  however,  a  general  view  of  all  the  facts,  we  think  that  it  is 
certain  that  the  1894  flood  was  the  greatest  for  70  years. 

(6)  On  the  Eain/aU  which  produced  the  Flood  of  1894. 

The  heavy  rain  at  the  end  of  October  did  not  do  much  mischief,  and  it 
had  nearly  all  passed  Teddington  before  the  second  heavy  rain  came,  but 
that  found  the  soil  thoroughly  saturated,  and  therefore  produced  that  '*  water 
running  off  water*'  which  is  well  known  as  a  great  factor  in  producing 
floods,  and  the  recent  disasters  are  but  one  more  illustration  of  the  inevitable 
resultant  mischief. 

The  Tables  give  the  following  information  : — 

Table  11.  The  relation  of  the  total  of  September,  of  October,  and  of 
November  to  the  mean  at  10  stations,  over  the  whole  area — September  was 
17  7o  below ;  October  25  %  above ;  November  60  %  ^  excess. 

Table  III.  The  fall  each  day  from  October  28rd  to  November  18th  at  50 
stations  (p.  202). 

Table  IV.  The  mean  of  the  25  western,  of  the  25  eastern,  and  of  all  the 
returns  for  each  day. 

(7)  Rate  of  Progress  of  Flood  down  the  Biver. 
We  expressed  at  the  beginning  of  this  paper  our  regret  at  the  absence  o 
automatic  records  of  the  flood  levels,  and  this  absence  renders  it  impossible 
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TABLB  II.~Bu.ATioN  or  tbm  BinrALL  or  Ssptbmbsb,  Ootobib,  and  Notsmbib  XS94., 

TO  THB  AtBBAGB  X880-89. 


station. 


8opt6iiiber* 


Total. 


Ootober. 


liarlboroQgh,  Mildenhall 

Ijeohlade 

Newbuy,  Welford  Park 

Banbniy,  Blozham 

Oxford,  Mag.  Coll.  Laboratory 

Alton,  Ashdell  •  • 

WinBlow,  Addington  Manor 

Sloogh,  Upton  . . 

Danstable,  Kensworth 

Dorking,  Abinger  Hall 


m. 
2*40 

i-H 
3-1* 

i'8o 
171 
«77 
1*96 
2-a8 
1*10 


in. 

— -^s 

—  -19 

+  •48 

—  -33 
-•63 
-•48 

—  -90 

—  •51 

—  -ja 

— ros 


ya?  I—  "4 


to  state  the  rate  at  which  the  flood  passed  down  the  riyer.  By  this  of 
course  we  do  not  mean  the  flow  of  the  water  itself,  bat  the  sequence  in  time 
at  which  the  highest  point  occurred  lower  and  lower  down  the  river.  And  it 
must  be  remembered  that  we  are  not  considering  the  rate  of  progress  of  a 
mass  of  water,  suddenly  released  at  the  end  of  a  single  channel,  but  of  the 
passage  of  a  flood  along  the  Thames,  complicated  by  the  inflow  at  many  points 
of  affluents,  some  of  them  nearly  as  important  as  the  main  river.  The  note 
from  East  Molesey,  that  the  Mole  was  highest /our  days  before  the  Thames, 
illustrates  the  difficulty  (without  a  proper  organisation)  of  computing  and 
predicting  the  time  and  height  of  coming  floods,  but  the  problem  has  been 
solved  for  the  Rhone,  for  the  Seine,  for  the  Loire,  and  for  many  rivers  in 

TABLE  IV.— Avbbaob  Baih  otbb  trb  Thames  Watbbsbxd  above  Tn>DmoToii, 

OOTOBIB  23B]>  TO  NOYBXBIB  i8tH,  1894. 
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(8)    Leveli  of  the  FL^od  of  1894  and  CalcuUuions  as  to  the  volume  diecharffed. 
TABLE  v.— Flood  Lbybis  or  thb  Bivbb  Thambs.    Fubmishbd  bt  thb  Tbambs 

Ck)N8BByAN0Y  BOABD. 


"III 

Name  of  Look. 

1774. 

1809. 

1821. 

1852. 

1875. 

Not. 
1882. 

Feb. 
1883. 

1894. 

ft. 

ft. 

ft. 

ft. 

ft. 

ft. 

ft. 

ft. 

ft.   in. 

St.John*8     .. 

, , 

,  • 

•  • 

237-08 

3      3 

BOBOOt 

•  • 

•  • 

•  • 

.. 

235-63 
231-26 

4      5 

Eaton 

•  • 

.  • 

.  • 

•  • 

2      0 

Badcot 

•  • 

•  • 

•  • 

•  • 

225-40 

3      6 

Bnshey         •  • 
Northmoor    •  • 

•  • 

•• 

•  • 

•  • 

•  • 

220-29 
208-6 1 

3  3 

4  7 

PinkhiU 

•  • 

•  • 

•  • 

•  • 

202-80 

3      0 

Eynsham 
Eing*8Weir.. 

•  • 

•  • 

•  • 

•• 

•  • 

•  • 

200-25 
"95-39 

3  10 
I     10 

Godfltow        •• 

•  • 

•  • 

•  • 

T'n 

0      9 

Medley 

•  • 

•  • 

•  • 

189-48 

2      2 

Osney           •• 

•  • 

188-14 

•  • 

186-39 

0      6 

Iffley 

a  • 

182-41 

182-25 

182-79 

2     10 

Sandford       •• 

•  • 

•  • 

179-16 

179-16 

179-51 

2      6 

Abingdon      •« 

,  , 

170-07 

170-17 

169-84 

170-42 

»      4 

Oolbam         •  •        • . 

•  • 

166-70 

166-86 

166-35 

166-27 

i    ^ 

Clifton          •• 

•  • 

15986 

159-87 

158-37 

160-79 

6     10 

Day's 

.  • 

•  • 

15655 

154-79 

157-35 

6      8 

Day*8  Look  Hoaae  .. 

157-05 

156-05 

155M 

•  • 

•  • 

•  • 

.. 

Benson  Look           • . 

•  • 

151-80 

150-94 

150-68 

153-01 

7      6 

Gleeve          •• 

•  • 

•  • 

•  • 

•  • 

144-35 

5      I 

Goring          .  •        • . 

•  • 

•  • 

•  • 

•  • 

143-H 

6      9 

Whitohoroh  ••        .. 

,  , 

•  • 

135-70 

134-86 

136*20 

5      4 

Maplednrham         •  • 

•  • 

130-74 

130-98 

'3077 

131*67 

♦      3 

CaYersbam    . .        •  • 

•  • 

•  • 

1H-04 

123-88 

124-96 

♦   ! 

Blake's 

■  • 

•  • 

■  • 

•  • 

122-96 

3      6 

Sonning        ••        •• 

•  • 

"954 

119-31 

119-31 

120'l6 

♦      I 

Bbiplake       .. 

•  • 

•  • 

113-94 

114*11 

115-30 

1      I 

Marsh 

•  • 

109-50 

109-10 

•  • 

110-06 

5      6 

Henley  Bridge,  above 

109*81 

•  • 

•  • 

.. 

•  • 

108*73 
10826 

•  • 

Henley  Bridge,  below 

108-67 

109-01 

•  • 

•  • 

•  • 

•  • 

•  • 

Hambledon  Lock     • . 

,, 

104*95 

104-48 

104-82 

106-28 

S      » 

Hnrlev 

Temple         •  •        •  • 

•  ■ 

99-21 

9899 

99-07 

100-07 

3      4 

•  • 

•  • 

9650 

96-83 

97-97 

4      9 

Marlow 

•  • 

93-60 

93-00 

93-58 

2f98 

5      9 

,, 

87-03 

87-17 

87-33 

2^''J 

5     10 

Boulter's 

•  • 

82-16 

81-87 

82-20 

83-18 

5      3 

Bray 

•  ■ 

7727 

.. 

.. 

78-31 

!      ' 

Boveney        •  • 
Bomney        •• 
Old  Windsor 

•  • 

•  • 

•  • 

70-00 

66-97 
60-99 

69-92 
65-66 
61-19 

70-25 
66-25 
61-27 

71-40 
68-28 
61-91 

6  a 

7  8 

8  0 

Bell  Weir      .. 

•  • 

•  • 

53-11 

52-69 

55-J7 

7      0 

Penton  Hook 

48-01 

46-81 

•  • 

•  • 

47-64 

5      7 

Chertsey 
Shepperton  •• 

41-46 
39-16 

4i-2| 
37-48 

•  • 
38-37 

•  • 
38-62 

41-43 
38-55 

2     II 

4      5 

Sanbory       •  •        •  • 

33-64 

31-08 

32-13 

32-96 

34-41 

I      2 

Moleeey 

30-20 

•  • 

26-83 

27-83 

29-65 

8      6 

Teddington  .. 

23-09 

•• 

.9-3?_ 

20*13    22-14 

6      7 
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the  United  States,  why  should  it  Dot  he  done  for  the  Thames  ?  At  Hanger- 
ford  the  streets  were  nearly  clear  of  water  on  the  morning  of  the  16th  ;  at 
Ahingdon  the  flood  was  highest  in  the  afternoon  of  the  16th  ;  near  Windsor 
late  on  the  17th,  bat  at  Teddington  it  continued  to  rise  until  nearly  noon  on 
the  18th«  We  do  not  presume  to  quote  any  rate  of  translation,  but  evidently 
it  was  so  slight  that  neither  a  telegraph  nor  even  a  horse  was  needed  to  have 
informed  the  inhabitants  of  E.  Molesey  of  what  was  coming  upon  them. 

If  houses  are  to  be  built  below  flood  level,  surely  the  occupiers  might  be 
warned  when  to  vacate  their  ground  floors  and  have  the  piano  carried 
upstairs. 

TABLE  YX.— Rainfall  and  Dischabob  fob  thb  Flood  of  Notehbbb  1894. 


Date. 


October  19 
20 
21 
22 

24 
25 
26 
27 
28 
29 
30 

.     3» 
November  i 

2 
3 
4 
5 
6 

7 
8 

9 
zo 
zz 


332-1 
374-4 
384-3 
358-2 
363-6 
468*0 

887-4 
z, 362*6 
z, 229*4 

2,038*5 

2,174-4 
2,932*2 

3.975-3 
4.783-5 
5.064-3 
5,022*0 

4  743-0 
4,462-2 
4.338-0 
3.416-4 
3.331-8 
4.  "9*3 
3.839-4 
3.772-8 


m. 

O'OZ 

o*oz 

O'OZ 

o-oi 

O'OZ 
O'OZ 
0*02 
0'02 

0*02 
0-04 
0'04 
0*05 
0*07 
0-09 
0*09 
0-09 
0-09 
o-o8 
o'o8 
o-o6 
o'o6 
0*08 
0-07 
0*07 


Q 

h 

o 


0*12 

0-66 

0'o6 
0'55 
0'z8 
0'46 
0'Z4 
z-07 
o-o6 
0-Z9 
0'o8 
0'z6 
o-oz 
0-05 

O'OZ 

0-57 
0-05 

O'ZZ 

o*z4 
0-47 


Date. 


November  Z2 
'3 
14 
15 
z6 

17 
z8 

19 
20 

2Z 

22 
23 
24 
25 
26 

27 
28 

29 

30 

Deoember    z 

2 

3 

4 

5 


4.063-5 
5.2506 
6,776-z 

7.949-7 
10,257  3 
12,798*9 
20.Z35-7 
17.3 19-6 
zo,485*9 

7.850-7 
6,786-9 
6,400*8 
5.859-9 
5.215-5 
4.195-8 
3.504-6 
3.141-0 
2,925-9 
2.705-4 
2,592*9 

2.425-5 
2,333-7 

2,285*Z 

2,226^6^ 
"Total 


in. 
0*07 
o-zo 

0-Z2 

o*Z4 
0-Z9 
0-23 

0-37 
0-32 
0-Z9 
o*Z4 

0-Z2 
0'Z2 
O'ZZ 
0*Z0 
0*08 

o*o6 
0-06 
0-05 
0-05 
0-05 
0-04 
0-04 
0-04 
0-04 


rs 


in. 

Z-Z2 

o-6z 
z-02 
0*07 
0-04 

0-02 

0*00 


4'ox 


8-02 


PlBTIOULABS  OF  MAXIMUM  AND  MlNIBfUM  FlOW  OF  THE  RfVEB  ThAMES. 


QallODB. 


Minunum  average  daily  flow  for  14  days  at  Teddington\ 
Weir.    (See  Report  of  Royal  'CommisHon  on  London  [         281,000,000 
Water  Supply,  par.  78.)  ' 

Average  daily  discharge  during  nine  years,  1888-91  1»862,581,288 
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Pabtioulabs  of  Maximum  and  Minimum  Flow  of  the  Riveb  Thames. 

(Continued,) 

GalloDs. 
Maximtun  discharge  in  one  day  over  Teddington  Weir\     on  iqk  tha  aaa 
during  flood  (November  18th,  1894)  J     20,185,700,000 

Baiios, 
Fourteen  days'  minimum  to  average  for  nine  years  1  to  4*8 

Fourteen  days*  minimum  to  maximum  discharge   of) 

flood  of  November  1894  )  ^^^^ 

Average  daily  discharge  for  nine  years  to  maximum) 
'discharge  of  flood  of  November  1894  ' 


DISCUSSION. 

Mr.  B.  Latham  said  that  he  had  been  much  interested  in  the  paper  which 
Messrs.  Symons  and  Ghatterton  had  prepared,  and  he  hoped  all  the  statistics  given 
would  appear  in  print  in  the  Quarterly  Journal^  as  much  of  the  information 
afforded  valuable  records  concerning  floods  in  the  Thames.  It  certainly  appeared 
that  modern  floods  were  not  greater  than  those  in  earlier  years,  although  there  was 
a  popular  belief  that  drainage  and  similar  engineering  works  had  increased  floods. 
The  records  available,  however,  seemed  to  demonstrate  that  the  reverse  was  the 
case.  Mr.  Brodie's  account  of  the  causes  which  produced  the  heavy  rainfEJl 
which  resulted  in  the  floods  was  a  useful  contribution  to  the  account  of  the  floods 
in  the  Thames  in  November  last  year,  and  showed  clearly  that  the  excessive 
precipitation  was  entirely  due  to  the  movements  of  two  secondary  depressions.^ 

Mr.  B.  W.  P.  Bibgh  expressed  his  appreciation  of  the  thorough  manner  in 
which  the  work  involved  m  the  preparation  of  the  paper  had  been  performed. 
He  joined  with  Mr.  Latham  in  entering  a  protest  against  the  opinion  which 
was  popularly  held  that  land  drainage  mcreased  floods ;  such  an  idea  was  an 
utter  fallacy.  Probably  the  reason  that  people  thought  that  floods  were 
greater  than  in  former  years  was  due  to  the  alteration  in  the  character  of  many 
of  the  districts  liable  to  be  flooded,  the  localities  which  many  years  ago  were 
meadow  lands  being  now  covered  with  dwelling  houses,  so  the  effects  of  a  flood 
in  such  districts  were  more  serious  in  modem  tunes  than  formerly.  Concerning 
the  divergence  between  the  line  of  mean  hydraulic  gradient  and  the  water  lines 
at  various  parts  of  the  Thames  (as  shown  in  Mr.  Ghatterton^s  diagram),  he  said 
that  such  fluctuations  were  probably  due  to  the  nature  of  the  soil  which  the  river 
passed  through,  some  being  soft  and  some  hard,  and  the  bed  of  the  river  conse- 
quently not  being  equally  parallel  to  that  gradient  in  all  places. 

Mi^or  L.  FitOWEB,  in  supporting  the  remarks  made  by  Mr.  Latham  and  Mr. 
Birch  concerning  the  effect  of  land  drainage  on  floods,  said  that  he  could  not 
understand  how  it  could  be  supposed  that  land  drainage  caused  floods,  as  the 
flow  of  water  off  undrained  land  must  be  more  rapid  than  the  flow  from  drained 
land.  Floods  were  caused  by  excessive  rainfEdl,  on  high  ground,  flowing  into  the 
rivers  and  swelling  the  stream.  He  thought  that  me  differences  between  the 
dotted  line  and  the  flood  level  shown  in  red  on  the  diagram  were  due,  as  Mr. 
Birch  had  said,  to  the  variations  in  soil  of  the  district  and  in  tibe  bed  of  the  river. 

Mr.  E.  E.  BuBSTAL  said  that  he  wished  to  emphasize  the  desirability  of  plot- 
ting the  bed  of  the  river  on  the  diagram  exhibited,  as  such  information  would 
be  most  valuable.  ^  He  had  been  professionally  connected  with  several  engineer- 
ing  works  in  various  parts  of  the  Thames,  and  the  paper  had  consequently 
considerable  interest  for  him,  as  during  the  last  November  flood  the  copings  of 
the  new  waterworks'  filter  beds  at  Oxford  constructed  bv  him  were  2  ft.  4  ins. 
above  the  flood  level,  while  at  the  Windsor  Sewage  Works  on  the  Ham  at  Old 
Windsor  the  water  was  onlv  one  inch  from  the  top  of  the  copings  of  the  precipi- 
tatlng  tanks,  tiie  latter  of  these  measurements  not  affording  a  sufficient  margin 
for  safety.    He  suggested  that  information  concerning  the  changes  which  had 
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oeen  maae  in  tne  oed  oi  tne  nver  by  dredging  operations  should  also  be  obtained, 
so  that  such  changes  could  be  taken  into  consideration  when  comparing  flood 
records  of  past  and  present  times.  There  was  one  point  in  the  river  between 
Abingdon  and  Oxford  where  a  great  improvement  had  been  made  by  the  removal 
of  a  ridge  of  rock  which  formerly  obstructed  the  channel. 

Mr.  B.  F.  Grantham  said  that  he  disagreed  with  the  remarks  which  had  been 
made  that  because  floods  were  as  high  in  past  years  as  they  are  now,  it  was  to 
be  concluded  that  land  drainage  and  improvements  in  arterial  drains  did  not 
increase  floods.  It  must  be  remembered  that  great  improvements  had  been 
efiected  in  the  river  valley,  and  in  consequence  the  water  was  now  able  to  pass 
away  more  easily  than  formerly.  He  quoted  the  following  table  of  the  height 
of  floods  above  Ordnance  datum  in  the  Upper  Thames  Valley  and  its  tributaries 
above  Wittenham  in  the  years  1872  and  1875,  and  also  alluded  to  some  flood 
marks  made  by  the  Ordnance  Survey  on  bridges  in  the  district  named. 


Locality. 


1872-3.      1875 


St.  John's  Bridge,  Lecblade 

Badcot  Bridge 

Tadpole  Bridge  

New  Bridge ,         

Chequers  Inn,  Bablock  Hythe         

Swinford  Bridge         , . 

Badley  Bailway  Bridge  

EennlDgton  Bailway  Bridge , 

Medley  Look « 

Islip  Bridge      •  •         . .         

Magdalen  College,  Oxford 

Culham  Bailway  Bridge,  abont  i^  mile  above  Loug  Wittenham 


ft. 
236*08 
22571 
217-67 
210-38 
206*16 

«99'4S 
171-68 
179-89 
188-96 
104-67 
185-34 
160-01 


ft. 
236*68 
226-55 

2l8'02 
2II-IO 
206-70 
200-26 
172-23 
180-59 
189-36 

I94'9f 
185-76 
160-71 


Bev.  J.  Slatteb  said  that  the  diagram  exhibiting  the  longitudinal  section  of 
the  Thames  between  Lechlade  and  Teddington  was  extremely  interesting,  but  it 
might  at  the  same  time  be  misleading,  as  it  must  be  remembered  that  the  depth 
and  volume  of  the  river  varied  from  mile  to  mile.    For  instance,  between 
Wallingford  and  Beading    the    river  nearly  doubles    in    volume,    and    the 
late  Bev.  J.  C.  Clutterbuck  had  shown  that  this  was  due  to  the  channel  cutting 
through  the  chalk,  and  the  river  was  thus  fed  frt)m  the  springs.    He  pointed 
out  that  at  Oxford,  where  the  flood  level  seemed  low,  the  observations  were 
made  on  the  river  Cherwell  at  about  a  mile  from  its  junction  with  the  Thames, 
and  so  did  not  represent  the  condition  of  the  Thames  itself.    Besides  the  length 
and  depth,  there  were  also  these  other  essential  elements  in  the  treatment  of  th* 
question,  viz.  the  breadth  of  the  channel  and  the  velocity  of  the  current.    F 
considered  that  it  would  be  easy  for  the  Thames  Conservancy  to  send  warnin 
of  impending  floods  to  those  likely  to  be  affected  thereby,  and  he  thought  t? 
the  Board  should  be  strongly  urged  to  undertake  this  duty.    From  persr 
experience,  extending  over  a  number  of  years,  he  knew  that  at  Beading 
river  was  ususdly  86  hours  rising  after  a  heavy  rainfall.   One  cause  of  incrc 
the  floods  appeared  to  be  that  the  water  was  kept  in  check  till  the  ini< 
was  imminent,  and  he  thought  that  when  the  water  was  known  to  be  1 
facilities  should  be  afforded  to  allow  it  to  pass  away  freely.    Floods  y 
much  less  duration  in  recent  years  than  in  earlier  times,  and  the  wai 
sided  in  one- fourth  of  the  time  it  formerly  occupied. 

Capt.  D.  Wilson-Babkeb  remarked  that  at  Greenhithe  no  indicatioi 
floods  were  discernible. 

Dr.  A.  BucHAN  commented  upon  the  great  lack  of  information  cone 
height  of  floods  in  earlier  years,  and  suggested  that  a  good  deal  of  usef 
concerning  floods  might  be  accumulated  if  careful  inquiries  were  * 
people  resident  in  locsJities  liable  to  be  flooded,  and  diligent  sea' 
any  marks  upon  buildings  or  bridges.    Dr.  Buchan  quoted  an  insta 
a  portion  of  a  railway  in  Scotland  had  been  destroyed  by  a  flood, 
at  the  time  the  railway  was  projected  inquiries  were  made  c 
heights  of  floods,  and  one  old  shepherd  pointed  out  a  height  to  \ 
attained  when  he  was  a  "  laddie  **  as  th^  bigbest  he  had  known 
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pointed  oat  being  remarkably  high,  the  engineers  discarded  the  shepherd's 
statement  as  being  probably  erroneous,  and  the  railway  was  oonstruoted,  allowing 
only  for  a  lower  level  as  the  maximum  flood  height.  Forty  years  afterwards,  a 
flood  such  as  the  shepherd  had  spoken  of  was  experienced,  and  resulted  in 
serious  damage  to  the  railway.  Concerning  the  cause  of  the  rainfall  which  gave 
rise  to  the  floods  of  November  1894,  he  (Dr.  Buchan)  said  that  he  remembered 
two  marked  cases  of  storms  originating  within  the  limits  of  the  British  Isles, 
and  he  would  Hke  to  see  the  conditions  of  air  temperature  and  himiidity  worked 
up  in  connection  with  the  formation  of  such  storms. 

Mr.  G.  J.  Stmons,  in  reply,  said  that  it  was  not  easy  to  get  at  satis&ctory 
evidence  whether  agricultural  drainage  did  or  did  not  increase  floods,  because 
it  was  impossible  to  be  sure  that  the  producing  causes  of  any  two  floods  were 
similar,  and  unless  the  causes  were  identical  no  fair  comparison  could  be  made. 
The  height  of  the  flood  at  Oxford,  as  shown  on  the  longitudinal  section,  was 
supplied  by  the  Thames  Conservancy,  and  referred  to  the  main  stream  of  the 
Theunes,  but  it  agreed  very  closely  with  the  height  given  in  the  table  of  the 
height  on  the  Cherwell.  llie  importance  of  the  proper  and  systematic  mark- 
ings of  flood  heights  could  not  be  too  earnestly  urged  upon  the  authorities,  and 
it  was  difficult  to  understand  why  more  was  not  done  in  that  direction. 

Mr.  G.  Chattebton  said  that  the  questions  of  the  connection  between  agri- 
cultural drainage  and  floods  had  been  carefuUy  avoided  in  the  present  paper,  it 
being  considered  that  such  matters  could  be  more  suitably  discussed  by  the 
members  of  the  engineering  profession.  Concerning  the  marking  of  flood 
heights,  he  understood  it  was  the  intention  of  the  Thames  Conservancy  to 
suitably  indicate  the  height  attained  by  the  flood  of  last  November  at  the 
various  ^points  on  the  Thames,  as  shown  in  the  longitudinal  section.  Mr. 
Slatter*s  idea  concerning  the  method  of  getting  rid  of  the  excess  of  water  would 
be  quite  impracticable,  as  the  volume  of  water  to  be  dealt  with  was  so  great. 
The  amount  of  rainfeJl  over  the  Thames  Valley  did  not  appear  to  be  sufficient 
in  itself  to  account  for  the  November  floods,  and  it  would  seem  probable,  in 
order  to  account  for  the  present  increase  in  the  amount  discharged  from 
November  17th  to  18th,  of  over  7,000,000,000  gallons,  that  there  were  certain 
obstructions  by  fences  and  the  like  which  up  to  a  certain  period  held  up  the 
water,  but,  suddenly  collapsing,  caused  the  water  to  rush  with  irresistible 
force  towards  the  main  body  of  the  stream. 

Mr.  J.  W.  Rbstlbr,  in  a  communication  to  the  Secretary,  furnished  the 
following  list  of  levels  to  which  the  water  rose  at  various  times  between 
November  14th  and  t^2nd,  opposite  the  Southwark  and  Yauxhall  Water  Com- 
pany's works  at  Hampton. 

BzviB  Lbvbls  dubino  Flood  taxbh  at  Sunntsidb,  Hampton. 
Oxdioary  Summer  Level  21-92  ft.  above  Ordnance  Datum. 


1894. 

Time. 

Ordnance 
Datum. 

1894- 

Time. 

Ordnance 
Datum. 

ft. 

ft. 

November  14 

7.30  a.m. 

25-30 

November  16 

2.0  p.m. 

28-41 

If                 M 

9.0      ff 

»S-44 

»f         «7 

7.15  a.m. 

29-48 

fl                 ff 

2.30  p.m. 

»5-45 

ft         II 

4.0  p.m. 

3019 

15 

7.30  a.m. 

26-43 

18 

7.30  a.m. 

31-02 

ff                 ft 

9-0      f. 

26-52 

19 

9-15     ff 

30-48 

•  1                 tf 

3.30  P.m. 

26-91 

ff         20 

9-0      „ 

29-10 

16 

7.0  a.m. 

27-82 

ff             21 

11.30     „ 

27-28 

ff 

930     .. 

2816 

n              22 

90      „ 

26-30 

The  following  levels  were  taken  November  24th,  1894,  in  Stain  Hill  Park  from  marks 
left  by  the  scum,  Ac.  of  the  top  water  level  :— 

ft 

Opposite  Mr.  Tatham's  Rate,  "Homedale"         39-16 

M  No.  3  Kempton  Park  Villas,  mark  on  glass  in  bay  window  •  •        32*02 
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Note  on  the  Barometrical  Changes  preceding  and  accom- 
panying the  Heavy  Rainfall  of  November  1894. 

By  FREDERICK  J.  BRODIE,  F.R.Met.Soo, 


[Beoeived  Biay  7th.~Bead  May  15th,  1895.] 

A  BEOOBD  of  the  disastrons  floods  which  ooenrred  over  England  in  Noyem- 
ber  last  seems  scarcely  complete  withont  some  reference  to  the  changes  in 
barometrical  pressnre  which  preceded  and  accompanied  the  heavy  rainfall. 
I  have  therefore  drawn  np  a  few  brief  notes  on  this  subject,  and  have  repro- 
duced the  Weather  Maps  for  the  close  of  the  unsettled  period,  when  the 
rainfall  was  heaviest  and  most  general. 

During  September  and  the  early  part  of  October  1894,  a  drought 
prevailed  over  all  the  more  western  and  northern  parts  of  the  United 
Kingdom,  the  greatest  deficiency  of  rain  being  reported  over  the  west  of 
Scotland  and  the  northern  and  central  parts  of  Ireland.  Applying  the  defi- 
nitions commonly  accepted  for  the  driest  portions  of  England  (a  practice 
that  seems  to  admit  of  little  defeoce  in  dealing  with  districts  in  which 
the  average  rainfEill  is  two  or  three  times  as  heavy),  it  appears  that  at  several 
stations  in  the  west  of  Scotland  there  was  an  abtolute  drought  lasting  for 
more  than  three  weeks,  while  over  a  considerable  portion  of  Ireland  and 
Scotland  there  was  a  partial  drought  lasting  from  five  to  seven  weeks.  In 
isolated  portions  of  the  western  and  northern  counties  of  England  an  abso- 
lute drought  lasted  for  15  or  16  days,  while  at  Falmouth  there  was  no  rain 
between  September  26th  and  October  18th — a  period  of  28  days. 

After  the  middle  of  October,  however,  the  weather  underwent  a  complete 
change,  and  for  the  next  four  weeks  the  country  was  visited  by  a  long  suc- 
cession of  cyclonic  disturbances,  the  centres  of  which  travelled  mostly  in  ; 
north-easterly  direction,  either  outside  our  western  coasts,  or  directly  ov 
the  United  Kingdom.     During  the  first  10  or  12  days  of  the  period  the  m' 
important  depressions  observed  were : — 

(1.)    A  system  of  moderate  intensity,  which  advanced  from  the  Bav  of  B 
on  October  19th,  and  which  afterwards  moved  in  an  east-north-easterly  dir 
across  the  south  of  England,  and  thence  on  to  Denmark  and  the  Baltic.    J 
its  progress,  Easterly  or  North-easterly  gales  were  experienced  on  many  i 
our  north-east  and  north-west  coasts,  and  Westerly  gsles  in  the  English  C 
with  heavy  rain  over  nearly  the  whole  of  Ireland  and  England. 

(2.)    A  far  deeper  depression,  with  minimum  readings  below  28*7 
centre  of  which  traveUed  in  a  north-north-easterly  direction  across  Ir 
Scotland  on  the  24th,  and  which  afterwards  passed  on  to   Scand' 
Northern  Russia.    The  passage  of  this  system  was  attended  by  a 
from  various  quarters  on  nearly  all  our  coasts,  with  very  heavy  rai 
western  districts,  and,  locally,  at  some  of  the  southern  stations. 

(8.)    A  rather  shallow  depression,  which  spread  eastwards  over 
England  on  tiiie  26th,  but  which  gradually  ^persed  on  the  foUo"- 
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ibis  case  gales  were  felt  at  the  Channel  stations  only,  but  heavy  rain  again  fell 
in  many  of  our  western  and  southern  distriots. 

(4.)  A  series  of  small  depressions, — subsidiary  to  a  larger  disturbance  off  our 
north  and  north-west  coasts—which  passed  imjnediately  over  the  kingdom  on 
the  29th  and  80th.  These  disturbances,  though  too  shallow  to  produce  much 
wind,  were  attended  by  further  large  quantities  of  rain  over  the  southern  parti 
of  Ireland  and  England,  the  fieklls  being  in  some  cases  excessively  heavy. 

Before  dealing  with  what  may  be  described  as  the  crucial  period  in  the 
history  of  the  floods,  viz.  the  four  days  commencing  with  November  11th,  it 
will  be  readily  gathered  from  the  foregoing  remarks  that  the  latter  half  of 
October  was  characterised  by  unusually  bad  weather,  especially  in  the  more 
western  and  soathem  parts  of  the  United  Kingdom,  where  the  rainfall  was 
exceptionally  large.  The  soil  was,  in  fact,  thoroughly  saturated,  and  in  the 
worst  possible  state  for  meeting  the  tremendous  excess  of  rain  which  occurred 
after  November  lOth. 

On  the  morning  of  the  11th  (see  Map  1),  a  depression  was  passing  away 
in  a  north-easterly  direction  to  the  northward  of  our  islands,  the  barometer 
was  rising  a  little  on  our  south-west  coasts,  and  fine  weather  prevailed  over 
a  considerable  portion  of  the  United  Kingdom.  The  wind  was  from  the 
Westward  or  South-westward,  and  blew  freshly  or  strongly  in  the  west  and 
south. 
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Map  I.  Map  2. 

A  black  dot  denotes  that  rain  was  falling  in  that  locality  at  the  hour  of  observation. 

Map  2,  for  6  p.m.  of  the  11th,  shows  that  by  that  time  a  double  set  of 
changes  was  in  progress.  Off  the  west  of  Scotland  there  were  decided 
indications  of  the  advance  of  another  large  depression*  from  the  westward, 
while  on  our  south-west  coasts  the  downward  trend  of  the  isobar  marked 
29*8  ins.,  coupled  with  a  brisk  fall  of  the  barometer  at  Scilly  and  a  backing 
of  the  wind  there  from  West  to  South-west,  seemed  to  show  that  a  secon- 
dary disturbance  was  approaching  the  more  southern  parts  of  the  Kingdom. 
On  our  north  and  east  coasts  the  weather  remained  fine,  but  in  the  western 
parts  of  the  English  Channel,  as  well  as  in  the  north-west  of  France,  steady 
rain  was  falling. 


Digitized  by 


Google 


BBODIR — BABOMETBIGAL  GH^NOEB,  NOYEMBBB  1894. 


211 


The  chart  for  the  following  mommg  (Map  8)  showed  that  in  the  course 
of  the  night  the  main  disturhance  had  travelled  north-eastwards,  its  centre 
being  shown  at  8  a.m.  over  Caithness.  In  the  south  a  very  decided 
change  had  occurred,  and  from  an  examination  of  the  automatic  records 
made  at  Valencia,  Scilly  and  Fahnouth  (access  to  which  has  been  kindly 
granted  by  the  Meteorological  Council),  it  is  quite  clear  that  a  secondary 
depression  of  considerable  depth  had  been  rapidly  formed  slightly  to  the 
northward  of  the  Scilly  Islands.  At  Valencia  the  barometer  fell  very 
gradually,  and  the  wind  veered  from  South-west  to  North,  while  at 
Falmouth  the  mercury  went  down  quickly  after  midnight,  the  changes  in 
wind  direction  both  there  and  at  Scilly  being  sudden  and  very  peculiar.  By 
8  a.m.  on  the  12th  the  centre  of  the  secondary  depression  lay  a  little  to  the 
south-eastward  of  the  Scilly  Islands,  the  wind  being  strong  to  a  gale  from  the 
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Map  4. 


Southward  or  South-westward  at  the  Channel  Stations  generally,  but  from 
the  Northward  at  Scilly.  Steady  rain  was  now  falling  at  nearly  all  stations 
in  the  south  of  England  as  well  as  in  the  north  of  France.  Later  in  the 
day  the  main  depression  over  the  north  of  Scotland  entirely  dispersed,  while 
the  secondary  in  the  south  moved  steadily  eastwards  along  the  Channel.  By 
2  p.m.  the  centre  of  the  latter  system  lay  about  midway  between  Prawle 
Point  and  the  Chanuel  Islands  (the  minimum  pressure  occurring  at  Fal- 
mouth at  1  p.m.),  while  at  6  p.m.  it  was  situated  a  little  to  the  south- 
ward of  the  Isle  of  Wight  (Map  4).  In  the  south-west  of  England  the 
weather  now  showed  some  improvement,  but  in  all  other  parts  of  our 
southern  districts  rain  continued  to  fall  steadily,  while  in  the  course  of  the 
evening,  when  the  centre  of  the  disturbance  travelled  north-eastwards, 
lightning,  thunder  and  hail  were  experienced  over  our  south-eastern  counties. 
By  8  a.m.  on  the  18th  (see  Map  5)  the  depression  had  reached  the  Danish 
coasts,  and  the  weather  over  England  had  become  fine  and  bright,  with 
moderate  to  fresh  breezes  from  the  westward.  In  the  extreme  west  of  our 
Islands,  however,  the  isobars  were  again  trending  downwards,  a  decided  fall 
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of  the  barometer  being  reported  in  the  west  of  Ireland  with  a  retam  of  the 
wind  to  the  Southward  and  with  an  increase  of  cload.  Later  on  the  baro- 
metric fall  became  very  rapid,  and  by  6  p.m.  (Map  6)  a  large  depression 
was  seen  to  be  approaching  our  north-west  coast.  Southerly  and  South- 
westerly gales  and  rain  were  now  reported  at  nearly  all  our  western  stations. 
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Map  5 


Map  6. 


Map  7. 


Map  8. 


The  chart  for  next  morning  (Map  7)  was  somewhat  similar  to  that  for 
6  p.m.  of  the  11th.  In  the  course  of  the  night  the  main  depression  had 
travelled  north-eastward,  and  by  8  a.m.  of  the  14th  it  was  passing  away  to 
the  northward  of  Scotland.  In  the  neighbourhood  of  the  Bristol  Channel, 
however,  there  were  again  some  indications  of  the  formation  of  a  secondary 
disturbance,  the  compression  of  the  isobars  due  to  this  small  system  result- 
ing in  further  gales  from  the  South  and  South-west  over  the  Channel. 
Steady  rain  had  jiow  set  in  over  nearly  the  whole  of  England,  the  weather 
in  Ireland  and  Scotland  being  comparatively  fine,  though  showery  in  places. 
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Later  in  the  day  the  secondary  disturbance  underwent  a  gradual  process  of 
development  (though  not  to  anything  like  the  same  extent  as  in  the  case  of 
the  former  disturbance),  and  moved  steadily  eastwards  across  the  southern 
parts  of  England,  its  centre  being  shown  at  6  p.m.  (Map  8)  over  the  south- 
eastern counties.  During  the  afternoon  a  severe  gale  from  the  southward 
was  experienced  on  the  Kentish  coast.  In  the  course  of  the  ensuing  night 
the  depression  appears  to  have  made  very  little  progress,  and  at  8  a.m.  on 
the  15th  (Map  9)  the  centre  remained  over  the  south-east  of  England,  steady 
rain  being  still  reported  at  many  of  the  eastern  and  southern  stations.  Later 
on,  however,  the  system  moved  north-eastwards  and  dispersed :  the  weather 
in  the  south  improved  decidedly,  and  the  period  of  heavy  rainfall  was  prac- 
tically at  an  end. 
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Map  10. 


The  conclusion  of  the  whole  matter  seems  to  be  that  the  torrential  rains 
of  November  11th- 14th  were  caused  by  two  secondary  depressions,  each  of 
which  developed  a  certain  amount  of  intensity.  In  the  case  of  the  former 
the  depression  grew  to  such  an  extent  as  to  entirely  overshadow  in  import- 
ance its  primary, — a  feature  not  uncommon  in  the  history  of  such  systems. 
In  the  latter  case  the  secondary  never  attained  very  much  prominence,  the 
cyclonic  circulation  round  its  centre  being  only  partially  developed.  The 
formation  or  growth  of  a  barometrical  depression  is  ordinarily  attended  by 
heavy  rains,  and  the  wetness  of  the  weather  at  this  time  was,  therefore,  by 
no  means  surprising.  The  barometrical  changes  seem  to  furnish,  however, 
but  a  very  inadequate  explanation  of  the  exceptional  character  of  the 
rainfall,  so  that  in  this,  as  in  many  other  cases,  the  meteorologist  is  forced 
to  admit  th<it  there  are  factors  in  the  weather  of  which  at  present  very  little 
is  accurately  known. 
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A  NATURAL  THERMOMETER. 

By  Rev.  FENWICK  W.  STOW,  M.A.,  F.R,Met.Soc. 


[Received  March  27th.— Read  May  15th,  1896.] 

Most  people  will  remember  that  the  frosts  of  May  21st,  1894,  and  the 
two  following  days,  were  remarkably  severe  for  the  time  cf  year;  and  did 
much  damage  to  the  foliage  of  forest  trees,  and  to  all  fruit  trees  that  were 
then  in  blossom. 

A  few  days  after  the  frost,  I  noticed  that  some  large  spreading  horse- 
chestnnt  trees  near  the  village  of  Thoralby,  and  close  to  the  stream  known 
as  the  Bishopdale  Beck,  presented  a  cnrions  appearance.  The  foliage  of  the 
lower  branches  was  quite  blackened,  but  halfway  np  less  injury  was  done ; 
while  at  the  top,  in  spite  of  the  greater  exposure  to  radiation,  from  which 
the  lower  boughs  were  comparatively  sheltered,  the  leaves  remained  tolerably 
green.  It  would  have  been  difficult  to  show  by  a  photograph  the  contrast 
between  the  appearance  of  the  higher  and  lower  branches,  as  the  leaves 
which  were  blackened  by  frost  remained  on  the  trees,  and  would  have  too 
much  resembled  those  which  were  still  green. 

In  the  case  of  ash  trees,  however,  a  singular  phenomenon  presently  showed 
itself,  which  I  was  able  to  photograph.  Ash  trees  in  this  part  of  Wensley- 
dale  and  Bishopdale,  at  an  elevation  of  500  to  800  feet,  usually  come  into 
leaf  at  the  beginning  of  June. 

In  the  spring  of  1894  they  were  unusually  forward.  On  May  21st  they  were 
all  in  bud,  and  a  few  warm  days  would  have  covered  them  with  leaf. 

The  effect  of  the  frost  on  the  higher  ground  was  to  retard  their  coming 
into  leaf;  but  the  buds  were  iminjured,  and  before  the  middle  of  June  they 
were  all  in  pretty  full  foliage.  It  was  otherwise  with  those  which  stood  in 
the  wide  and  flat  valley  of  Bishopdale,  below  Aysgarth  Vicarage. 

On  June  27th  a  large  ash  tree  in  the  very  lowest  part  of  this  valley 
showed  scarcely  a  single  leaf,  the  buds  having  been  quite  destroyed.  Cross- 
ing the  valley  by  the  road,  which  rises  very  slightly,  I  observed  other  ash 
trees  which  showed  leaf  at  the  top.  Further  on,  the  leaf  extended  half-way 
down  the  trees,  and  at  last,  on  approaching  the  village  of  West  Burton,  on 
the  opposite  side  of  the  valley,  the  ashes  were  clothed  with  foliage  all  over. 
Close  by  was  the  garden  of  Mr.  J.  C.  Winn,  where  a  minimum  tempera- 
ture of  23°  had  been  registered  in  the  May  frosts  in  a  screen  of  the  Stevenson 
pattern — or  rather,  in  the  improved  screen  adopted  by  this  Society.  At  the 
Vicarage,  which  stands  between  the  main  valley  of  the  Yore  and  Bishopdale, 
and  180  feet  above  the  latter  valley,  the  minimum  was  28°. 

As  the  leaf  buds  had  not  been  destroyed  near  Mr.  Winn's  garden,  which 
is  some  25  feet  above  the  lowest  part  of  the  valley,  it  is  evident  that  the 
temperature  which  destroyed  the  leaf  buds  must  have  been  lower  than  23°. 
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There  are  many  other  ash  trees  in  the  valley,  and,  as  far  as  I  could  see, 
all,  according  to  their  respective  position,  presented  similar  appearances. 
I  did  not  see  any  tree  hut  that  one  absolutely 'devoid  of  leaves.  But  there 
was  only  one  near  it,  and  that  one  was  higher  and  therefore  had  leaves  at 
the  top. 

It  is  scarcely  necessary  to  observe  that  the  local  depression  of  tempera- 
ture near  the  snrface  of  the  ground  in  a  valley  depends  upon  the  dryness  of 
the  air.  If  the  air  is  moist  and  the  night  mists  or  frost-haze  have  extended 
some  distance  up  the  hillsides,  the  minimum  will  not  be  very  low,  but 
nearly  uniform,  within  the  limits  of  the  mist,  owing  to  the  obstruction  to 
radiation  caused  by  the  mist,  and  to  the  setting  free  of  latent  heat  by  its 
formation.  But  if  it  is  very  dry,  and  the  dew  point  excessively  low,  the 
local  depression  of  temperature  in  the  lowest  part  of  the  valley  may  be  very 
great.  I  used  to  keep  a  minimum  thermometer  in  an  extemporised  screen 
not  far  from  this  unfortunate  ash  tree,  and  in  the  winter  of  1881  it  registered 
—  18°.  The  late  Mr.  Whipple  kindly  ascertained  for  me  the  error  of  the 
thermometer,  which  at  (f  was  0^*9,  bo  that  the  correct  temperature  was 
-12°,  9°  lower  than  at  the  Vicarage.  In  the  winter  of  1879-80  Colonel 
Ward  placed,  at  my  request,  a  registering  thermometer  in  a  hollow  place 
near  the  bottom  of  the  valley  at  Rossini^e,  in  Switzerland,  where  he  then 
resided.  He  obtained  the  astonishing  record  of  —  87°,  and  for  a  week  the 
average  minimum  of  —25°.  The  record  at  his  residence,  only  100  feet 
higher,  was  — 12°,  showing  a  difference  of  25°.  But  I  do  not  think  that 
the  air  is  ever  dry  enough  in  the  British  Isles  to  admit  of  so  great  a  local 
depression  as  this. 

During  the  frosty  period  of  May  1894  the  air  was  dry,  but  not  unusually 
so.  I  should  have  expected  the  local  depression  of  temperature  in  the  valley 
to  be  6°  or  8°:  that  is  to  say,  the  minimum  to  be  from  22°  to  20°.  This 
agrees  with  the  conclusion  derived  from  the  indication  of  Mr.  Winn's  ther- 
mometer, namely,  that  the  temperature  which  destroyed  the  leaf  buds  was 
lower  than  28°. 

It  would  seem  that  the  indications  of  the  ash  trees,  turned  into  Fahren- 
heit's scale,  recorded  a  temperature  of  about  20^. 

I  may  add  that  in  the  severe  frost  in  February  of  this  year  the  air  was 
not  particularly  dry.  The  frost-haze,  as  shown  by  the  rime  on  the  trees,  ex- 
tended at  some  time  in  the  night  of  the  7th  as  far  up  as  the  Vicarage,  where 
the  lowest  temperature  was  —  2°-l.  A  little  lower  down,  on  the  south  side  of 
the  valley  of  the  Yore,  and  a  furlong  from  the  Vicarage,  —  4°'2  was  registered. 
Mr.  Winn's  thermometer  registered  —6°.  The  difference  therefore  was  not 
great. 
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HOURLY  VARIATION  OF  8UN8HINE  AT  SEVEN  STATIONS 
IN  THE  BRITISH  ISLES. 

By  RICHARD  H.  CURTIS,  F.R.Met.Soc. 
(Plates  7-18.) 


[BeoeWed  Febraary  16th.— Bead  June  19th,  1895.] 

The  present  is,  I  believe,  the  first  attempt  which  has  yet  been  made  to 
deal  with  the  subject  of  the  hourly  variation  of  the  duration  of  sunshine 
over  a  considerable  area  of  the  British  Isles,  by  means  of  hourly  tabnlations 
of  the  records.  The  short  time  which  has  elapsed  since  the  introduction  of 
the  sunshine  recorder,  as  part  of  the  instrumental  equipment  of  meteoro- 
logical observatories,  has  made  it  impossible  to  deal  with  the  subject  earlier, 
and,  indeed,  it  is  not  suggested  that  the  period  of  10  years  which  is  now 
available  is  sufficiently  long  to  yield  other  than  approximate  values  ;  I  believe, 
however,  that  it  is  long  enough  to  enable  one  to  obtain  a  hsr  idea  of  the 
character  and  extent  of  the  hourly  variations  for  the  months  and  seasons, 
and  it  is  in  this  tentative  way  that  the  following  remarks  are  o£fered. 

The  data  used  will  be  found  in  the  tables  of  mean  results  which  are  about 
to  be  issued  by  the  Meteorological  Office,  as  an  appendix  to  the  volume  of 
Hourly  Means  for  1891,  and  I  am  indebted  to  the  Meteorological  Council  for 
permission  to  use  these  tables  before  they  are  actually  published. 

The  instrument  used  at  each  of  the  stations  dealt  with  is  Sir  G.  G. 
Stokes*  modification  of  Mr.  Campbell's  original  recorder,  introduced  in  1880, 
in  which  the  sun's  rays  are  focussed  upon  a  strip  of  card,  where  they  bum 
a  trace  representing  the  sun's  path  across  the  heavens.  The  record  obtained 
is  therefore  one  of  bright  sunshine  as  indicated  by  the  intensity  of  the  solar 
Jieat  rays,  and  it  affords  no  measure  of  the  axm-iight,  or  of  the  €tcUnic  rays, 
as  apart  from  those  of  heat. 

Unless  the  heat  rays  have,  when  focussed  upon  the  card,  sufficient  power 
at  least  to  discolour  it,  no  record  at  all  is  made,  and  this  point  is  therefore 
the  inferior  limit  at  which  the  instrument  will  register  ;  on  the  other  hand, 
when  insolation  is  strong,  and  the  solar  rays  are  unobstructed,  a  clear  bum 
of  greater  or  less  width  is  made  right  through  the  card,  and  therefore 
between  these  limits  the  instrument  affords  a  rough  scale  of  the  intensity 
of  the  sun's  heating  power.  In  tabulating  the  records,  however,  no 
attempt  was  made  to  take  intensity  into  account ;  any  visible  trace,  however 
faint,  was  measured,  and  the  measurements  combined  without  distinction 
with  those  obtained  from  stronger  records. 

Until  the  sun  has  reached  a  certain  altitude  above  the  horizon  its  rays 
have  not  sufficient  power  to  affect  the  card,  and  thus  no  trace  is  ever  made 
within  the  15  minutes  immediately  following  sunrise  or  preceding  sunset.  A 
slight  film  of  cirrus  haze  also,  or  even  a  slight  haziness  of  the  lower  atmos- 
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phere,  although  it  may  not  prevent  the  snn  from  shining  with  sufficient 
brightness  to  cause  faint  shadows  to  be  cast,  will  yet  frequently  suffice  to 
intercept  enough  of  the  heat  rays  to  stop  the  record.  The  low  ground 
mists,  more  commonly  experienced  at  sunrise  than  at  sunset,  have  the  same 
effect ;  but  the  amount  of  trace  lost  through  them  will  obviously  depend  in 


Campbell-Stokes  Sanshine  Recorder. 

some  d^ee  upon  the  position  occupied  by  the  recorder,  which  if  placed 
near  the  ground,  as  at  Stonyhurst,  may  be  expected  to  lose  more  from  this 
cause  than  if  ifc  be  placed  high  above  the  ground-level,  as  at  Aberdeen  ;  the 
character  of  the  surrounding  district  is  also  a  factor  of  much  importance  in 
this  connection. 

The  following  particulars  as  to  the  exposure  and  position  of  the  instru- 
ments at  the  observatories  now  dealt  with  ought  to  be  given ;  the  stations 
are  arranged  according  to  latitude. 

Aberdeen. — The  instrument  is  placed  upon  the  Cromwell  Tower  of  Aberdeen 
University,  at  a  height  of  75  feet  above  the  ground,  where  it  has  a  good  exposure 
at  all  seasons  of  the  year.  To  the  eastward  the  sea  is  not  far  off,  whilst  the  city 
of  Aberdeen  is  about  a  mile  distant  to  the  south.  To  the  west  and  north  the 
ground  rises,  with  hills  in  the  distance. 

Glasgow. — The  Observatory  is  in  a  western  suburb  of  Glasgow,  the  neigh- 
bourhood of  which  citv  must  necessarily  affect  the  amount  of  sunshine  recorded. 
The  instrument  is  24  feet  above  the  ground,  and  has  an  unobstructed  horizon  for 
sunshine  at  all  seasons  of  the  year. 

Armagh. — The  height  of  the  instrument  above  the  ground  is  38  feet,  and  its 
horizon  is  perfectly  free  from  obstruction,  except  for  a  few  minutes  at  about 
4  p.m.  during  April  and  August,  and  to  a  less  extent  daring  May  and  September 
also.  The  Observatory  is  situated  on  the  top  of  a  hill,  a  quarter  of  a  mile  to 
the  north-eastward  of  the  city,  and  about  100  feet  above  the  general  level  of  the 
surrounding  country,  the  character  of  which  is  pastoral  and  well  wooded. 

Stonyhurst. — Tne  recorder  is  only  4  feet  above  the  ground,  and  the  sun's 
rays  are  cut  off  from  it  by  buildings  for  a  very  short  time  at  sunrise  in  sprins, 
and  at  sunset  in  midwinter.  The  exposure  is  otherwise  good,  and  the  surround- 
ing country,  although  hilly,  is  very  open. 

Valencia. — Throughout  the  ten  years  the  recorder  was  at  the  old  Observa- 
tory,  it  was  fixed  7  feet  above  the  ground,  but  its  exposure  for  sunshine  was 
good  throughout  the  year.  The  Observatory^  was  quite  close  to  the  shore,  and 
uthongh  the  surrounding  country  is  hilly,  it  is  not  wooded,  and  the  hills  are  too 
remote  to  interfere  with  the  record. 
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Kew. — The  instrument  is  placed  47  feet  above  the  ground,  on  the  parapet  of 
the  Observatory,  which  stands  in  the  Old  Deer  Park  to  the  north-west  of  the 
town  of  Richmond,  and  about  three-quarters  of  a  mile  from  it.  The  River 
Thames  is  less  than  a  quarter  of  a  mile  away  to  the  west,  while  to  the  north  and 
east  the  level  ground  of  the  park  extends  for  a  considerable  distance.  There 
are  no  buildings  near  the  Observatory  in  any  direction,  but  it  is  possible  that  a 
few  minutes  of  early  and  late  sunshine  may  be  cut  off  from  the  recorder  in  mid- 
winter by  isolated  trees. 

Falmouth. — The  instrument  has  occupied  two  positions  during  the  ten  years. 
Until  1885  its  height  above  the  ground  was  50  feet,  but  in  that  year  the  Obser- 
vatory was  removed  to  a  new  site,  and  the  height  of  the  instrument  was  changed 
to  84  feet.  In  both  cases  the  exposure  for  sunshine  was  a  perfect  one,  the 
observatories  standing  on  high  ground  nearly  200  feet  above  the  mean  sea  level, 
and  quite  above  the  chief  part  of  the  town  of  Falmouth.  The  surrounding 
country  is  hilljr  and  slightly  wooded,  whilst  to  the  southward  the  open  sea  is 
only  about  a  mile  distant. 

Obvionsly,  with  so  limited  a  number  of  stations  as  seven,  scattered  over 
an  area  comprising  7°  of  latitude  and  IQP  of  longitude,  it  would  be  useless  to 
attempt  to  draw  any  conclusions  as  to  the  general  distribution  of  sunshine 
over  the  British  Isles.  The  following  observations  on  the  tables  are  there- 
fore offered  without  pretending  to  regard  the  respeclive  stations  as  repre- 
senting more  than  the  districts  immediately  surrounding  each. 

There  are  two  ways  in  which  the  records  may  be  considered.  Either  the 
number  of  hours  of  sunshine  actually  observed  may  be  dealt  with,  in  which 
case,  when  comparing  the  records  of  different  stations  with  each  other,  it 
becomes  important  to  bear  in  mind  the  varying  lengths  of  time  that  the  sun 
is  above  the  horizon  of  each  place,  and  which  is,  of  course,  dependent  upon 
the  latitude  of  the  station  and  the  season  of  the  year ;  or  the  observed 
amount  of  sunshine  at  a  station  may  be  considered  with  reference  to  the 
amount  which  would  have  been  received  there,  supposing  the  sun  to  have 
shone  without  obstruction  during  the  whole  time  it  was  above  the-  horizon, 
and  that  its  whole  duration  was  recorded.  In  the  latter  case  the  (^served 
amount  would  be  expressed  as  a  percentage  of  the  possible  amount.  Both 
these  methods  have  advantages  of  their  own,  and  therefore  the  results  in  the 
tables  arc  expressed  in  both  ways,  wherever  possible. 

Turning  to  the  figures,  it  is  of  interest  to  notice  that  upon  the  whole 
there  is  a  fairly  close  agreement  between  the  means  for  the  two  five-year 
periods  into  which  they  are  grouped.  From  this  fact  it  may  be  inferred 
that  the  ten-year  means,  with  which  alone  it  is  now  proposed  to  deal, 
approximate  with  a  fair  degree  of  closeness  to  the  means  which  a  longer 
period  would  have  yielded  had  the  figures  been  available. 

Taking  first  the  average  daily  duration  for  the  whole  year,  we  find  that 
Falmouth  is  decidedly  the  most  sunny  station  of  the  seven,  having  a  daily 
average  amount  of  sunshine  of  just  over  4^  hours.  This  amount  is  half-an- 
hour  more  than  that  recorded  at  Valencia,  the  station  with  the  next  highest 
average,  and  three-quarters  of  an  hour  more  than  Eew,  which  holds  the 
third  place.  Of  the  remaining  four  stat'ons,  Aberdeen,  the  most  northern, 
but  at  the  same  time  a  coast,  station,  with  8*64  hours,  has  more  than  either 
'  Stonyhurst  or  Armagh,  both  inland  stations ;  whilst  Glasgow,  with  only  8 
hours  per  diem,  or  about  a  quarter  of  its  possible  amount,  has  the  smallest 
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record  of  the  seven,  a  result  to  some  extent  due,  without  douht,  to  the 
nearness  of  the  Observatory  to  some  of  the  large  manufacturing  works  with 
which  the  city  of  Glasgow  abounds. 

Or,  if  we  deal  with  these  figures,  as  representing  percentages  of  the 
possible  duration  at  the  respective  stations,  we  find  that  the  order  in  which 
they  succeed  each  other  as  regards  their  comparative  sunuiness  is  unchanged. 
The  4^  hours  at  Falmouth  represent  87^^  per  cent,  of  the  possible  amount, 
while  the  8  hours  per  diem  at  Glasgow  represent  but  25  per  cent,  of  the 
possible  amount  for  that  place. 

If  we  group  the  months  so  as  to  represent  the  four  seasons  of  the 
year,  taking  December  to  February  inclusive  as  winter,  March  to  May  as 
spring,  June  to  August  as  summer,  and  September  to  November  as  autumn, 
it  will  be  found  that  during  the  winter  quarter  the  south-western  stations 
again  appear  as  the  most  sunny  of  the  seven.  Falmouth  and  Valencia  have 
in  this  three  months  each  an  average  daily  amount  of  2  hours,  while  Aber- 
deen, notwithstanding  its  high  latitude,  occupies  the  third  place  with  a  mean 
duration  of  rather  less  than  If  hours  per  diem.  Armagh,  however,  with 
just  over  1^  hours  per  diem,  has  during  this  quarter  decidedly  more  sunshine 
than  the  remaining  three  stations,  both  Stonyhurst  and  Kew  having  about  a 
quarter-ofan-hour  per  diem  less,  whilst  Glasgow  has  the  smallest  daily  aver- 
age of  just  under  one  hour. 

In  the  spring  quarter,  with  the  increase  of  the  sun's  declination,  a  great 
increase  in  the  average  daily  amount  is,  of  course,  noticeable,  but  the  rela- 
tive positions  of  the  stations  as  regards  the  length  of  their  daily  average  is 
not  much  changed.  The  two  south-western  stations  have  again  the  longest 
duration,  but  Falmouth,  with  nearly  5*7  hours,  has  begun  to  take  the  lead, 
although  the  duration  is  only  one-tenth  of  an  hour  per  diem  more  than  that 
at  Valencia.  Eew,  notwithstanding  its  proximity  to  London,  which  might 
have  been  expected  to  mQitate  against  its  record  of  sunshine,  now  comes 
next  to  Valencia,  although  its  mean  daily  amount  is  three-quarters  of  an 
hour  less.  Aberdeen,  Stonyhurst  and  Armagh  follow  in  the  order  named, 
the  mean  duration  at  Aberdeen  being  4*66  hours  and  at  Armagh  4'58  hours, 
and  Glasgow  is  again  lowest  with  an  average  duration  of  only  4*12  hours 
per  diem. 

In  the  summer  quarter  Falmouth  and  Kew  both  show  an  increase  in  the 
mean  daily  duration  of  more  than  an  hour  and  a  quarter,  and  whilst  Falmouth, 
with  a  mean  daily  duration  of  7  hours,  is  still  the  most  sunny  place,  Eew 
comes  next  to  it  with  a  mean  of  6*1  hours.  Valencia  shows  only  the  trifling 
increase  of  a  tenth  of  an  hour  upon  its  average  for  the  spring  months,  and 
is  the  third  upon  the  list ;  whilst  Aberdeen  and  Stonyhurst  are  not  far  below 
it,  with  nearly  5|  hours  each.  The  increase  in  the  duration  at  Glasgow  from 
the  spring  quarter  is  nearly  three  quarters  of  an  hour,  whilst  the  increase  at 
Armagh  is  barely  two-tenths  of  an  hour,  and  as  a  consequence  the  former 
station  shows  a  higher  record  than  the  latter,  the  4-72  hours  duration  at 
Armagh  being  the  smallest  recorded  at  any  of  the  seven  stations.  It  is  a 
peculiar  fact  of  some  significance,  that  the  increase  in  the  daily  duration 
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shown  by  the  two  Irish  stations  from  spring  to  sommer  should  be  so  smaU, 
whilst  it  is  so  decided  at  each  of  the  other  five. 

In  the  aatumn  three  months  the  relative  distribution  of  the  daily  duration 
reverts  again  to  very  nearly  that  of  the  spring,  but  the  average  amounts  are 
in  every  case  much  smaller,  owing  to  the  shorter  length  of  the  mean  day. 
Falmouth  has  an  average  of  8*64  hours  sunshine  per  diem,  which  is  more 
than  half  an  hour  above  the  duration  at  Valencia  and  Eew,  the  figures  for 
which  two  stations  are  now  almost  identical.  The  mean  duration  at  Aber- 
deen is  2f  hours,  and  Stonyhurst  and  Armagh  have  both  of  them  a  tenth 
of  an  hour  less,  the  difference  between  the  autumn  and  summer  duration 
being  less  at  the  latter  station  than  at  any  other.  Glasgow,  with  only  2*1 
hours  per  diem,  again  falls  into  its  usual  position  with  the  smallest  average 
amount  of  any  station  in  the  series,  an  amount  which  is  ohly  a  tenth  of  an 
hour  above  the  average  duration  at  Falmouth  and  Valencia  during  the 
winter  quarter. 

Turning  now  to  the  daily  means  for  the  several  months,  we  find,  as  might 
have  been  expected,  that  January  and  December  are  the  most  sunless  months 
of  the  year.  At  no  station  is  there  much  difference  between  them,  but  the 
smallest  mean  daily  duration  of  sunshine  occurs  in  December  at  every 
station  except  Falmouth,  where  January  is  the  less  sunny  month  of  the 
two.  In  January  the  mean  daily  duration  varies  from  seven-tenths  of  an 
hour  at  Glasgow  to  rather  more  than  1*8  hours  at  Valencia  ;  Stonyhurst  has 
one  hour,  and  the  daily  amounts  at  the  remaining  four  stations — Eew,  Armagh, 
Falmouth,  and  Aberdeen — show  a  pregressive  increase,  in  the  order  named, 
of  between  one  and  two  tenths  of  an  hour.  After  January  the  mean  daily 
duration  increases  quickly  except  at  Eew,  where  the  increase  shown  in 
February  is  only  slight,  and  is  less  than  that  of  any  other  place.  In  March, 
however,  this  defect  is  made  up,  and  from  thence  to  May  the  mean  daily 
amount  continues  to  increase  each  month  with  fiebir  regularity  at  all  the 
stations;  Valencia  and  Fahnouth  keep  very  close  together,  with  daily 
amounts  considerably  greater  than  those  of  any  other  station;  Aberdeen, 
Armagh,  Eew,  and  Stonyhurst  are  also  very  similar,  whilst  Glasgow  has 
uniformly  the  least  amount  of  all. 

At  Valencia,  Eew,  Stonyhurst,  and  Armagh,  the  maximum  duration  is 
reached  in  May,  the  daily  mean  amount  varying  in  the  [order  named  from 
6}  hours  to  6  hours.  At  Falmouth  and  at  the  Scotch  stations  the  increase 
is  maintained,  although  in  a  less  degree,  until  June,  when  the  mean  duration 
at  Falmouth  reaches  7i  hours,  at  Aberdeen  6i  hours,  and  at  Glasgow  6*6 
hours.  From  May  to  June  the  decrease  shown  at  those  stations  which  attain 
their  maximum  in  the  earlier  month  is  not  great,  but  from  June  to  July  the 
decrease  is  not  only  general,  but  at  everyplace,  except  Eew,  very  large.  At 
the  Irish  observatories  it  is  about  1 J  hours,  at  the  Scotch  one  hour,  and  at 
Fahnouth  and  Stonyhurst  about  three-quarters  of  an  hour ;  at  Eew  it  is  but 
a  tenth  of  an  hour,  and  this  place  is  peculiar  for  the  very  gradual  decrease 
shown  through  the  three  summer  months — June  to  August.  At  most  of  the 
stations,  however,  this  rapid  decrease  is  not  mamtained.     At  Falmouth  the 
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duration  in  Augist  is  bat  a  tenth  of  an  hour  less  than  in  July,  and  at 
Valencia  it  is  actually  a  tenth  more,  whilst  at  Glasgow  and  Aberdeen  the 
decrease  from  July  to  August  is  less  than  half  an  hour ;  at  Armagh  also  the 
rate  of  decrease  slackens,  and  continues  to  do  so  until  September,  bat  at 
Stonyhurst  there  is  no  check  in  the  rate  after  June. 

From  August  to  the  end  of  the  year  the  rate  at  which  the  mean  daily 
duration  decreases,  although  rapid,  is  less  so  than  was  the  increase  during 
the  first  five  months  of  the  year.  At  the  English  and  Scotch  stations  the 
diminution  is  fairly  uniform,  and  at  Falmouth  and  Eew  remarkably  so,  Eew 
having  throughout  rather  more  than  half  an  hour  per  diem  less  sunshine 
than  Fahnouth.  The  Irish  stations  are  peculiar  in  having  a  more  gradual 
rate  of  decrease,  and  especially  is  this  the  case  at  Armagh.  As  a  result, 
although  in  August  the  mean  daily  duration  at  Armagh  is  less  than  4  hoars, 
which  is  nearly  half  an  hour  less  than  that  of  Glasgow,  in  November  it  is 
still  nearly  2  hours,  and  exceeds  Glasgow  by  an  hour.  The  fact  that  in 
July  and  August  the  mean  duration  at  Armagh  is  less  than  that  at  any  other 
station,  not  excepting  Glasgow,  is  one  of  some  significance. 

It  will  now  be  interestiDg  to  consider  these  same  figures  when  expressed 
as  percentages  of  the  possible  duration  at  the  respective  observatories, 
because  their  meaning  then  becomes  to  some  extent  modified  by  the  season 
and  latitude  of  the  station.  Judged  in  this  way,  by  what  may  be  termed 
their  capabilities,  we  find  that  in  January  Aberdeen  and  Valencia,  the 
most  northern  and  most  western  stations,  are  practically  alike,  with  22  per 
cent,  of  sunshine ;  Falmouth  and  Armagh,  although  two  very  dissimilar 
stations  as  regards  their  physical  surroundings,  have  each  about  18  per 
cent. ;  Eew  and  Stonyhurst,  both  inland  stations,  each  get  about  18  per 
cent. ;  whilst  Glasgow,  with  only  9  per  cent.,  is  the  least  favoured  station  of 
the  seven. 

The  values  for  the  subsequent  months  follow  in  a  general  way  the  course 
of  the  mean  hourly  amoants  already  referred  to,  but  they  present  more 
sharply  some  features  which  were  made  less  apparent  by  those  figures. 

Taking  first  the  values  for  Falmouth,  which  are  generally  higher  than 
those  for  any  other  place,  the.  monthly  increase  in  the  percentages  is  uni- 
formly about  8  up  to  AprU,  then  only  8^  in  May,  and  less  than  1  in  June. 
In  July  the  percentage  falls  from  46  to  48,  but  it  rises  again  in  August  to 
nearly  47,  which  is  a  trifie  above  that  of  June,  and  is  the  maximum  of 
the  year.  Thence  it  decreases  less  rapidly  than  it  increased  in  the  spring  to 
21  i  in  December.  The  most  noticeable  point  here  is  that  the  slight  diminu- 
tion shown  in  the  mean  hourly  duration  between  July  and  August  becomes 
a  decided  increase,  when  it  is  expressed  as  a  percentage  of  the  possible 
amount,  and  exhibits  in  a  striking  manner  a  summer  minimum  and  second 
maximum.  Comparing  these  values  with  those  for  Valencia,  the  station 
which  most  nearly  resembles  Fahnouth  in  its  surroundings,  we  notice  that 
after  January  there  is  an  almost  perfect  similarity  between  them  up  to  April, 
when  they  begin  to  diverge  greatly  from  each  other.  The  maximum, 
48  per  cent.,  is  reached  in  May,  and  is  followed  by  a  decrease  to  82  in  July ; 
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in  Angdst  there  is  a  rise  of  4  per  cent,  to  a  second  xx^Lximnm,  and  then 
again  a  fall  to  the  close  of  the  year ;  but  it  is  remarkable  that  in  September 
and  October  the  decrease  is  only  slight,  and  this  with  the  sharp  decrease  in 
Jane  and  July  are  the  two  principal  points  of  diflference  between  the  valaes 
for  the  two  stations. 

The  values  for  Eew,  Stonyhurst,  and  Armagh,  three  inland  stations,  are 
not  very  dissimilar  daring  the  first  five  months  of  the  year,  the  principal 
differences  being  that  Stonyhurst  in  Febroary  shows  a  greater  increase  in 
its  percentage  than  the  other  two,  and  that  at  Eew  the  increase  in  March 
is  very  large ;  but  at  each  place  the  maximum  is  attained  in  May,  afker 
which  the  march  of  the  phenomenon  at  the  three  stations  becomes  altogether 
dissimilar.  At  Eew  the  percentage  decreases  from  the  maximum  of  41  i 
in  May  to  a  summer  minimum  of  88  in  June,  after  which  it  increases  to  a 
second  maximum  of  41  in  August ;  then  follows  a  steady  decrease  to  144  in 
December.  At  Stonyhurst  the  maximum  of  89  in  May  is  succeeded  by  a 
steady  decrease  to  88  in  July,  and  less  abruptly  to  81  in  September,  after 
which  it  falls  quickly  again  to  12  in  December ;  but  although  the  decrease 
of  the  percentage  is  retarded  in  August,  there  is  no  rise  to  a  second  maxi- 
mum, and  in  this  respect  Stonyhurst  is  alone.  At  Armagh  the  maximum  is 
87^  per  cent,  in  May,  and  this  is  followed  by  a  drop  similar  in  amount  to 
that  at  Valencia,  which  brings  it  to  27  in  July,  the  fall  at  the  two  Irish 
stations  being  greater  than  is  shown  at  any  other  place.  .  In  August,  how- 
ever, there  is  a  further  slight  fall  instead  of  a  rise,  and  the  second  maximum 
does  not  occur  until  September,  after  which  there  is  a  decrease  of  about  6 
per  cent,  by  November,  which  is  far  less  than  elsewhere,  followed  by  a  rapid 
decrease  to  15^^  per  cent,  in  December.  The  two  Scotch  stations  have  also 
their  maximum  in  May — 86^  at  Aberdeen,  and  88  at  Glasgow — with  a 
summer  minimum  in  July  and  a  second  maximum  in  August ;  then  at  Aber- 
deen, as  at  Valencia,  the  decrease  in  the  percentage  is  slight  until  October, 
after  which  it  falls  away  rapidly,  whilst  at  Glasgow  the  decrease  is  more 
rapid  and  uniform  from  August  to  the  close  of  the  year. 

We  come  now  to  the  distribution  of  sunshine  throughout  the  day  as 
exhibited  by  the  mean  hourly  amounts,  and  the  figures  will  probably  be  best 
dealt  with  if  each  observatory  is  taken  separately.  Ifc  is,  however,  necessary 
to  bear  in  mind  here  that  the  comparative  shortness  of  the  period  over 
which  the  observations  extend  is  more  likely  to  make  itself  felt  detrimentally 
when  the  figures  are  broken  up  into  such  small  divisions  as  hours,  than  when 
they  are  grouped  to  represent  the  daily  amounts  for  the  months  and  seasons^ 
which  have  already  been  dealt  with,  and  any  conclusions  drawn  can  there- 
fore only  be  regarded  as  more  or  less  provisional  in  character. 

The  most  prominent  feature  brought  out  at  all  the  stations  is  the  rapid 
increase  in  the  mean  hourly  amount  of  sunshine  recorded  daring  the  first 
few  hours  following  sunrise,  and  the  even  more  rapid  falling  off  ag&in  just 
before  sunset.  Speaking  broadly,  this  rapid  increase  in  every  month  of  the 
year  seems  to  cover  about  two  to  three  hours,  and  the  decrease  rather  less, 
the  changes  in  the  hourly  amounts  daring  the  remainder  of  the  day  being  of 
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mnch  Em:ialler  amplitude.  Bearing  in  mind  that  the  record  is  one  of  sun 
heat,  it  would  seem  that  the  infrequency  of  sunshine  at  these  relatively  early 
and  late  hours  is  not  so  much  owing  to  greater  cloudiness  as  to  the  fact 
that  insolation  is  cut  .off  by  the  greater  extent  of  the  lower  atmosphere 
through  which  the  solar  rays  have  to  pass,  and  which  just  after  sunrise 
and  before  sunset  is  more  charged  with  condensed  vapour  than  is  the  case 
during  the  intervening  hours  of  the  day. 

Taking  first  the  most  northern  station,  Aberdeen,  the  values  for  the  different 
months  show  a  great  similarity  in  the  daily  march  of  the  phenomenon  (Plate 
7).  The  most  sunny  hour  is  always  at,  or  very  close  to,  noon,  and  after  the 
early  hours  there  is  no  indication  of  any  part  of  the  day  being  especially 
favoured  as  regards  sunshme.  In  the  winter  the  increase  in  the  mean  amount 
goes  on  steadUy  to  the  maximum,  and  at  once  falls  off  again  as  regularly;  but 
in  the  spring  and  summer  months  the  maximum  amount  is  maintained  over  a 
longer  period,  and  there  is  but  little  difference  between  the  mean  amounts 
for  some  hours  before  and  after  the  time  of  actual  maximum.  April  and 
June  are  exceptions  to  this  rule,  to  the  extent  that  the  later  hours  of  the 
day  are  decidedly  more  sunny  than  the  corresponding  hours  in  the  morning ; 
but  this  is  not  the  case  in  any  marked  degree  in  any  other  month.  Taking 
the  means  for  the  whole  year,  the  maximum  frequency  occurs  at  noon,  and 
the  hours  following  noon  have  a  slight  advantage  over  those  preceding  it. 
The  average  amount  of  sunshine  per  hour  in  the  sunniest  part  of  the  day 
varies  from  about  three-tenths  of  an  hour  in  winter  to  very  nearly  half  an 
hour  in  May ;  in  June  and  August  it  also  approaches  50  per  cent.,  but  in 
March,  April,  July  and  September  it  is  only  about  four-tenths  of  an  hour. 
For  the  whole  year  the  average  amount  of  sunshine  in  the  60  minutes, 
from  11.80  a.m.  to  0.80  p.m.,  is  0*89  hour. 

The  next  station  in  order  of  latitude  is  Glasgow,  the  results  for  which 
place  are  very  different  from  those  yielded  by  Aberdeen  (Plate  8).  In  the  winter 
months  the  hourly  increase  is  more  gradual,  and  the  maximum,  though  not 
so  large  as  at  Aberdeen,  is  reached  less  abruptly.  The  afternoon  hours  are 
also,  as  a  rule,  decidedly  more  sunny  than  those  of  the  morning,  and  except 
in  the  winter  the  sunniest  period  is  generally  about  2  p.m.  March  and 
April,  however,  offer  marked  exceptions  to  this  rule,  as  the  maximum 
hourly  amount  occurs  then  at  11  a.m.  and  noon  respectively,  after  which 
time  the  sunshine  decreases  steadUy  till  8  or  4  p.m.,  and  then  more  rapidly 
to  sunset.  The  values  for  the  months  May  to  September  show  a  marked 
contrast  in  the  very  gradual  increase  hour  by  hour  up  to  the  maximum,  and 
the  rapid  decrease  after  the  maximum  had  been  passed.  Taking  the  mean 
hourly  amounts  for  the  year,  the  greater  frequency  of  sunshine  in  the  after- 
noon is  well  shown.  The  mean  amount  of  sunshine  per  hour  in  the  most 
sunny  part  of  the  day  is  less  than  two-tenths  of  an  hour  in  November 
December  and  January;  in  February,  March  and  October  it  amounts  to 
about  three-tenths  of  an  hour;  in  July,  August  and  September  to  rather 
under  four- tenths  of  an  hour;  and  in  April,  May  and  June  to  between 
four  and  a  half  and  five-tenths  of  an  hour;  for  the  whole  year  it  slightly 
exceeds  three-tenths  of  m  hour. 
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At  Armagh  the  honrly  variation  is  in  some  respects  peculiar  during 
several  months  of  the  year  (Plate  9).  In  January,  February,  and  March  the 
hourly  duration  increases  rather  quickly  to  a  maximum  just  before  noon, 
afber  which  it  falls  off  again  more  gradually  than  it  rose.  March  has  a  less 
rapid  increase,  and  exhibits  a  decided  minimum  at  2  p.m.,  rising  again  at 
8  p.m.,  and  then  decreasing  till  sunset.  In  April,  May,  and  June  the 
hourly  increase  is  rapid  and  is  not  followed  by  any  very  decided  maximum, 
the  amount  of  sunshine  experienced  showing  but  very  slight  variation  till 
within  a  few  hours  of  sunset,  when  the  decrease  is  as  rapid  as  was  the 
morning  increase.  In  July  the  maximum  occurs  as  early  as  9  a.m.,  after 
which  it  falls  away  to  noon,  which  is  a  less  sunny  hour  than  7  a.m.  From 
noon  to  5  p.m.  the  average  amount  of  sunshine  does  not  vary  much,  and  it 
then  decreases  quickly  to  the  hour  of  sunset.  In  August  both  the  increase 
and  decrease  are  more  gradual,  and  the  maximum  does  not  occur  till  1  p.m., 
and  the  remaining  months  of  the  year  exhibit  an  hourly  variation  not  very 
dissimilar  to  that  of  the  corresponding  months  at  the  beginning  of  the  year, 
the  only  prominent  feature  being  a  secondary  minimum  in  October  at  1  p.m. 
The  maximum  amount  per  hour  varies  from  about  a  quarter  of  an  hour  in 
January  and  December  to  rather  less  than  half  an  hour  in  May,  and  it  is 
only  in  April,  May,  and  June  that  it  ever  exceeds  four-tenths  of  an  hour. 
In  July,  for  the  pp*eater  part  of  the  day  the  amount  per  hour  is  only  equal 
to  that  found  in  February  and  November.  Dealing  with  the  whole  year,  the 
sunniest  part  of  the  day  occurs  just  before  noon,  and  the  average  amount  of 
sunshine  is  three-and-a<half-tenths  of  an  hour. 

Stonyhunt  is  the  station  next  in  order  of  latitude,  and  it  is  also,  like 
Armagh,  an  inland  station  ( Hate  10).  In  the  first  two  and  last  four  months  of 
the  year  the  distribution  of  sunshine  throughout  the  day  follows  a  fairly  even 
course,  the  maximum  occurring  in  each  case  at  about  noon,  and  being  pre- 
ceded and  followed  by  a  pretty  uniform  increase  and  decrease  in  the  hourly 
amounts.  In  March  and  April,  however,  the  most  sunny  hour  is  11  a.m., 
the  hourly  amount  increasing  quickly  up  to  that  hour  and  then  falling  off 
steadily  till  the  evening.  In  May  and  June  1  p.m.  is  the  sunniest  hour, 
with  4  per  cent,  more  of  the  possible  amount  of  sun  than  noon,  the  falling 
off  in  the  latter  month  being  very  gradual  until  after  4  p.m.,  while  the 
increase  in  the  morning  hours  is  less  rapid  than  in  May.  In  July  and 
August  this  retardation  of  the  morning  increase  is  still  more  marked  than  in 
June,  and  the  maximum  does  not  occur  until  2  p.m.,  after  which,  in  July, 
it  is  maintained  till  4  p.m.  before  it  begins  to  fall  quickly,  whilst  in  August 
the  falling  off  begins  at  once,  and  8  p.m.  has  5  per  cent,  less  sun  than 
2  p.m.  The  maximum  hourly  duration  varies  from  two-tenths  of  an  hour 
in  January  and  December  to  five  and  a  half-tenths  of  an  hour  in  May,  Feb- 
ruary has  a  tenth  of  an  hour  more  sun  at  noon  than  has  January  and  the 
March  maximum  shows  a  similar  increase  upon  February.  From  April  to 
September,  with  the  exception  of  May,  the  maximum  hourly  amount  is  from 
four  and  a  half  to  five-tenths  of  an  hour ;  October  is  a  tenth  of  an  hour 
below  September,  and  November,  with  two  and  a  half-tenths,  is  a  tenth  less 
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than  October.  For  the  year  the  maximam  hourly  duration  is  less  than  foar- 
tenths  of  an  honr,  and  occurs  at  noon  and  1  p.m. 

Valencia,  the  next  station  south,  is  one  of  the  most  sunny  of  the  seven 
(Plate  11).  In  the  winter  months  of  November,  December,  and  January  the 
maximum  hourly  duration  occurs  at  11  a.m.,  and  a  rapid  increase  throughout 
the  morning  hours  is  followed  by  a  much  more  gradual  falling  off  during  the 
afternoon  ;  in  February,  however,  this  latter  feature  is  less  pronounced,  and 
a  more  uniform  increase  and  decrease  is  exhibited  throughout  the  day.  In 
March  it  again  becomes  very  marked,  and  the  maximum  at  11  a.m.  is  fol- 
lowed by  a  very  steady  but  marked  diminution  till  4  p.m.,  and  then  by  a 
rapid  fall  to  sunset.  It  is  worthy  of  note  that  in  a  less  degree  this  is  a 
feature  of  the  diurnal  variation  in  March  at  all  the  stations,  with  perhaps  the 
exception  of  Aberdeen  and  Falmouth.  In  April  little  difference  is  shown  in 
the  hourly  amounts  from  9  a.m.  to  1  p.m. ;  but  in  May  and  June  the  hourly 
duration  goes  on  increasing  till  1  p.m.  before  the  maximum  is  reached,  the 
hours  following  noon  being  much  more  favoured  as  regards  sunshine  than 
the  corresponding  hours  before  noon.  In  July  the  chief  feature  is  the  very 
gradual  increase  in  sunniness  from  6  a.m.  to  noon ;  but  the  three  following 
months  exhibit  upon  the  whole  a  fairly  uniform  increase  and  decrease,  with 
but  little  change  during  the  middle  hours  of  the  day.  The  winter  months 
show  high  maximum  hourly  durations  : — In  December  it  is  nearly  three- 
tenths  of  an  hour,  and  in  November,  January  and  February  from  three- and- 
a-quarter  to  three-and-a-half-tenths.  March  has  half  an  hour,  and  the  three 
following  months  about  half-a-tenth  more,  but  July,  August  and  September 
reach  only  about  four-and-a-half- tenths  as  the  maximum,  and  October  rather 
less.  For  the  whole  year  the  maximum  hourly  duration  is  about  four-and- 
a- quarter- tenths  of  the  total  possible,  and  the  diurnal  variation  follows  a 
fairly  uniform  course  from  sunrise  to  sunset,  the  maximum  occurring  at 
noon. 

Kew  is  only  about  halt  a  d^ee  south  of  Valencia,  but  being  an  inland 
station  it  exhibits  some  strong  contrasts  to  the  latter  (Plate  12).  The  chief 
of  these  are  the  relatively  small  amount  of  insolation  in  winter,  and  the  more 
uniform  diurnal  distribution  exhibited  in  most  months  of  the  year.  In  January, 
February,  November,  and  December  the  maximum  occurs  at  noon  or  1  p.m., 
but  in  January,  and  still  more  in  February,  the  steady  hourly  increase  is 
somewhat  checked  in  the  morning  at  about  11  a.m.  In  March  the  maximum 
amounts  to  about  15  per  cent,  more  than  in  February,  and  occurs  at  11  a.m., 
and  is  followed  by  a  slow  but  decided  fisdling  off  till  8  p.m.,  after  which  hour 
the  decrease  becomes  rapid  till  sunset.  In  April,  10  a.m.,  with  47  per  cent, 
of  the  possible  amount,  is  the  sunniest  hour,  the  average  duration  in  the 
succeeding  hours  being  fairly  uniform,  but  decidedly  less  than  at  10  a.m. 
May  exhibits  a  very  uniform  variation  in  the  diurnal  distribution,  with  the 
exception  of  a  slight  check  at  9  and  10  a.m.,  the  maximum  at  11  a.m.  being 
followed  by  a  slight  but  steady  falling  off  till  4  p.m.  In  June,  however,  the 
maximum  does  not  occur  till  1  p.m.,  and  the  diurnal  variation  is  again  fairly 
steady.    July  exhibits  a  remarkable  falling  off  in  the  mean  amount  recorded 
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dnring  the  afternoon  hours,  more  especially  after  1  p.m.,  and  the  hour  of  8 
p.m.  is  less  sonny  than  it  is  in  either  of  the  two  preceding  or  succeeding 
months.  In  Angast  and  Beptemher  there  is  a  fairly  uniform  increase  and 
decrease  shown,  hut  in  October  the  increase  in  the  daily  amount  goes  on  steadily 
to  the  maximum  at  1p.m.,  after  which  the  average  amounts  fall  away  very 
abruptly  to  sunset.  From  May  to  September  inclusive  the  maximum  hourly 
amount  is  about  one- half  of  the  possible  amount.  For  the  whole  year  the 
increase  and  decrease  in  the  mean  hourly  duration  is  very  uniform  and 
steady,  rising  to  40  per  cent,  of  the  possible  amount  at  noon  and  1  p.m.» 
and  showing  slightly  higher  percentages  in  the  afternoon  than  in  the 
corresponding  morning  hours. 

Falmouth  is  both  the  most  southerly  and  the  most  sunny  of  the  seven 
stations,  and  in  some  respects  its  diurnal  distribution  of  sunshine  is  different 
from  that  of  any  of  the  others  (Plate  18)*;  with  hardly  an  exception  its  maxi- 
mum hourly  amounts  are  larger,  and  as  compared  with  Valencia,  the  station 
to  which  it  most  nearly  corresponds  as  regards  its  geographical  situation  and 
physical  surroundings,  it  exhibits  a  more  uniform  diurnal  variation,  the  maxima 
being  in  most  months  of  the  year  deferred  till  much  later  in  the  day,  while 
there  is  an  entire  absence  of  the  marked  decrease  of  sunshine  in  the  after- 
noon hours  which  is  so  striking  a  feature  of  Valencia  in  some  months.  The 
least  sunny  month  is  January,  when  the  maximum  hourly  amount  is  but  a 
quarter  of  an  hour  at  noon,  the  amounts  recorded  for  10  a.m.  to  2  p.m. 
being  but  slightly  less.  In  February  the  maximum  hourly  amount  increases 
to  nearly  four-tenths  of  an  hour  at  11  a.m.,  and  again  there  is  but  little 
falling  off  till  2  p.m.  In  March  there  is  a  marked  slackening  of  the  hourly 
increase  at  9  a.m.  and  10  a.m.,  but  this  is  followed  by  a  quick  rise  to  the 
maximum  at  noon;  it  is  noteworthy,  however,  that  the  maximum,  which  is 
less  than  half-an-hour,  is  considerably  below  that  of  Valencia  for  the  same 
month,  and  also  that  there  is  no  indication  of  the  rapid  falling  off  in  the 
hourly  amounts  during  the  hours  immediately  succeeding  which  is  shown 
by  the  Valencia  means.  In  April  the  maximum  increases  to  nearly 
five-and-a-half-tenths  of  an  hour,  and  the  p.m.  hours  are  shown  to  be 
decidedly  more  sunny  than  the  a.m.  In  May  the  hourly  amounts  increase 
steadily  till  2  p.m.,  and  do  not  begin  to  fall  off  much  until  after  4  p.m.,  the 
maximum  being  nearly  six-tenths  of  an  hour.  In  June  the  march  of  the 
mean  hourly  amounts  is  very  similar  to  that  shown  in  May,  but  the  maximum 
occurs  still  later  in  the  day,  at  4  p.m.,  and  slightly  exceeds  six-tenths  of  an 
hour.  July  is  a  decidedly  less  sunny  month  than  either  May  or  June,  and 
a  marked  check  in  the  increase  of  insolation  is  shown  during  the  middle 
hours  of  the  day;  the  maximum,  which  occurs  at  8  p.m.,  amounts  to  only 
five-and-a-half-tenths  of  an  hour.  August  is  again  a  very  sunny  month, 
the  maximum,  which  occurs  at  2  p.m.,  equalling  that  of  June,  but  it  is 
ollowed  by  a  more  rapid  falling  off  in  the  amounts  during  the  two  or  three 
hours  immediately  succeeding.  September  brings  a  large  decrease  in  the 
amount  of  sunshine;  the  maximum  occurs  at  1  p.m.  and  only  slightly 
•zoeedfl  half-an-hoori  there  is,  however,  not  much  variation  in  the  amoimtB 
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recorded  from  9  a.m.  to  4  p.m.  In  October  the  mazimnm  occurs  as  early 
as  10  a.m.,  after  which  the  hourly  amounts  fall  away  slightly  till  2  p.m., 
and  then  more  rapidly  to  sunset.  November  and  December  both  exhibit  a 
very  uniform  increase  and  decrease  in  the  mean  hourly  amounts,  and  in 
both  cases  the  maximum  is  reached  at  noon.  Taking  the  means  for  the 
year,  the  hourly  march  of  insolation  is  very  uniform;  the  maximum  is 
reached  at  11  a.m.,  and  is  maintained  till  2  p.m.,  the  afternoon  hours 
having  rather  more  sun  than  the  corresponding  hours  of  the  morning.  The 
maximum  amounts  to  four-and-a-half-tenths  of  an  hour. 


DISCUSSION. 

Mr.  C.  Hardimo  said  that  this  paper  dealt  most  completely  with  sunshine 
statistics,  the  data  being  discussed  in  regard  to  the  monthly,  seasonal  and  hourly 
variation,  and  the  results  possessing  additional  interest  as  the  first  of  the  kind 
ever  published.  Concerning  the  rise  in  the  p.m.  portion  of  the  mean  daily  curve 
of  sunshine  at  Glasgow  as  compared  with  the  portion  before  noon,  he  tnought 
that  possibly  the  drift  of  the  smoke  from  the  various  factories  which  abounded 
in  that  city  was  to  some  extent  the  cause  of  the  difference  between  the  morning 
and  afternoon  sunshine.  It  was  comforting  to  note  that  Kew,  in  spite  of  its 
proximity  to  our  smoky  metropolis,  came  out  with  such  good  results. 

Mr.  H.  S.  Wallis  said  that  it  would  be  interesting  to  see  how  far  the  discus- 
sion of  sunshine  observations  at  additional  stations  would  modify  or  confirm  the 
results  shown  in  this  paper.  The  increase  in  the  amount  of  sunshine  during  the 
afternoon  hours  at  Glasgow  appeared,  as  Mr.  Harding  had  suggested,  to  be  due 
to  the  situation  of  the  Observatory  in  relation  to  the  manufactories,  the  Obser- 
vatory being  to  the  west,  and  the  manufacturing  district  in  the  east  of  the 
city  ;  so  that  during  the  mom  ins  hours  the  smoke  cloud  would  be  between  the 
sun  and  the  recorder,  while  in  the  afternoon  the  sun  would  be  shining  from  the 
westward,  and  no  smoke  would  intervene.  These  artificial  conditions,  and  also 
the  case  at  Armagh,  where  the  shadow  of  the  anemometer  shaft  caused  an  inter- 
ruption in  the  record,  suggested  that  too  great  a  hurry  should  not  be  evinced  in 
accepting  the  anomalies  in  the  results  given  in  this  paper  as  representing  physical 
facts. 

Mr.  F.  C.  Batard  inquired  whether  any  explanation  could  be  offered  which 
would  account  for  the  general  flatness  of  the  diurnal  curves  at  all  the  stations 
between  10  a.m.  and  8  p.m.  He  suggested  that  a  description  of  both  the 
Campbell-Stokes  pattern  of  sunshine  recorder  and  what  was  known  as  the 
"  universal  **  recorder  should  be  added  to  the  paper.  A  difficulty  often  ex- 
perienced with  the  "  universal  *'  pattern  was  that  the  ball  was  liable  to  slightly 
shift  from  a  rigid  position  through  the  clamps  with  which  it  was  held  becoming 
loosened,  the  instrument  thus  being  put  out  of  focus.  He  had  heard,  too,  that 
during  heavy  eales  the  ball  of  the  Stokes*  pattern  had^  been  blown  off  its  pedes- 
tal at  places  wnere  the  recorder  was  in  an  exposed  position. 

Mr.  W.  H.  Dines  thought  that  Mr.  Curtis  had  partly  explained  wh^  the  curve 
was  almost  flat  in  the  middle  of  the  day,  when  he  stated  that  the  instrument 
recorded  sun  heat  rather  than  sun  light.  During  the  middle  of  the  day,  when 
the  sun  was  high,  no  doubt  a  trace  was  made  whenever  the  sun  was  shining ;  but 
in  the  two  or  three  hours  after  sunrise  and  preceding  sunset  there  was  but  little 
heat  to  spare ;  and  an  accidental  occurrence,  such  as  the  paper  being  wet,  or  a 
strong  wmd  tending  to  keep  the  paper  cool,  would  stop  the  registration.  He 
thought  that  in  the  summer  the  early  moraing  and  late  evening  were  more 
cloudless  than  the  middle  of  the  day,  and  it  would  be  very  interesting  if 
anyone  present  could  enlighten  them  as  to  the  behaviour  of  the  photographic 
recorder  in  that  respect.  He  had  lately  been  trying  a  new  form  of  sunshine 
recorder,  which  registered  electrically  on  a  clock  drum.  He  found  that  if  he 
adjusted  this  instrument  so  that  it  recorded  the  early  morning  and  late  evening 
sunshine,  it  also  recorded  in  the  summer  during  the  day,  when  the  sun  was  only 
Just  visible  tibjrough  douds ;  but  if  it  were  a^usted  so  that  it  would  record  aun- 
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shine  at  midday  only  when  the  sun  was  shining  clearly,  then  it  failed  to  record 
within  an  hour  or  half-hour  of  sanrise  or  sunset. 

Mr.  W.  B.  Tripp  said  that  of  the  two  forms  of  sunshine  recorders  at  present 
in  use,  one  gave  indications  of  the  heat  rays,  and  the  other  of  the  chemicaJ  r^s 
of  sunshine ;  a  third  instrument  to  record  the  rays  of  light  appeared  to  be  ae- 
sirable. 

Mr.  G.J.  Symoms  said  that  he  knew  very  little  concerning  sunshine  recorders; 
but.  so  far  as  he  was  aware,  no  attempt  had  yet  been  made  to  record  the  light  or 
yellow  rays  of  the  solar  spectrum,  the  red  rays  being  of  course  registered  by 
the  burning  recorders  and  the  violet  rays  by  the  photographic  recorders.  He 
thought  it  was  a  matter  for  congratulation  that  the  first  elaborate  discussion  ot 
sunshine  observations  should  have  been  read  beforo  the  Society,  and  it  was 
something  to  be  proud  of  to  know  that  England  possessed  the  most  splendid 
organisation  of  sunshine  observations  to  be  found  anywhere.  It  was  of  course 
perfectly  clear  that  when  the  observations  extended  over  20  years  instead  of  10, 
many  of  the  irregularities  at  present  noticeable  in  the  curves  would  disappear. 
As  regards  the  increase  in  the  afternoon  sunshine  at  Glasgow,  he  was  disposed 
to  agree  with  the  explanation  suggested  by  Mr.  Harding  and  Mr.  Wallis ;  but 
the  curve  for  Falmouth  exhibited  a  very  similar  excess,  which  certainly  could 
not  be  so  easily  explained  away,  as  there  was  no  accumulation  of  smoke  at  the 
Cornish  town  as  there  was  in  the  Scottish  city.  The  flatness  of  the  curve  during 
the  middle  of  the  day,  to  which  attention  had  been  drawn,  was  doubtless  due, 
as  Mr.  Dines  had  pointed  out,  to  the  greater  power  of  burning  which  the  sun*s 
rays  possessed  during  the  midday  hours.  He  had  always  thought  that  the 
recoras  of  those  now  old  fashioned  instruments,  solar  radiation  thermometers, 
were  really  dependent  upon  the  sun*B  altitude,  and  the  sunshine  records  appeared 
to  be  in  a  somewhat  similar  position.  He  had  been  wondering  whether  it  would 
be  possible  to  reduce  all  the  sunshine  observations  to  a  hypothetical  sun  altitude. 

The  Hon.  F.  A.  R.  Russell  ventured  to  add  the  suggestion  that  this  inquiry 
might  with  advantage  be  extended  so  as  to  include  the  relation  of  sunshine  to 
the  different  winds  in  each  locality.  The  results  of  such  an  investigation  might 
be  to  afford,  especially  for  certain  hours  of  the  day,  some  idea  of  the  absorption 
of  the  sun's  heat  by  the  atmosphere  under  various  conditions  of  wind. 

Mr.  T.  W.  Backhouse  remarked  that  the  results  of  the  paper  seemed  to 
show  the  effect  of  mist  and  haze  on  the  registration  of  sunshine.  He  inquired 
whether  the  amount  of  cloud  exhibited  corresponding  diurnal  variations  to  those 
shown  in  the  curves  of  sunshine. 

Mr.  F.  Gastbr  said  that  many  of  the  irregularities  exhibited  in  the  sunshine 
curves  were  without  doubt  due  to  lack  of  sufficient  data  upon  which  to  base  an 
average,  the  curve  for  the  year  being  calculated  from  a  considerable  number  of 
observations  presenting  a  much  smoother  appearance  than  those  for  the  indi- 
vidual months.  Some  interesting  facts  had  been  brought  out  as  a  result  of  inves- 
tigation into  sunshine  records  in  the  British  Islands,  and  it  was  now  known 
that  coast  stations,  especially  in  the  south,  were  sunnier  than  inland  stations,  and 
that  the  winter  sunshine  along  the  south  coast  was  in  excess  of  that  recorded  in 
other  districts.  The  exposure  of  a  station  was  an  important  factor  in  the  com- 
parison of  sunshine  observations,  as  it  would  be  obviously  unfair  to  compare 
the  records  from  an  instrument  situated  in  a  vidley  with  those  from  one  on  a 
hill.  In  connection  with  the  effect  of  smoke  upon  the  recording  of  sunshine,  it 
is  not  sufficient  to  consider  whether  an  Observatory  lies  near  a  city,  but  the 
direction  of  the  prevailing  wind  must  also  be  taken  into  account  Kew  and 
Greenwich,  which  are  respectively  situated  west  and  east  of  London,  are  good 
examples  of  the  effect  of  the  wind  upon  the  drift  of  the  smoke,  a  Westerly  wind 
carrying  the  smoke  towards  Greenwich,  and  so  lessening  the  amount  of  sunshine 
recorded,  while  an  Easterljr  wind  exercises  the  same  effect  upon  the  Kew  sun- 
shine records.  The  flattening  of  the  diurnal  curve  of  sunshine  in  the  middle  of 
the  day  appeared  to  be  due  to  the  greater  amount  of  cloud  which  it  was  well 
known  prevailed  during  those  hours. 

Mr.  W.  Marriott  said  that  Mr.  Ellis  and  the  late  Mr.  Whipple  had  each 
communicated  papers  to  the  Society  on  the  diurnid  variation  of  sunshine  at 
Greenwich  and  Kew  respectively,  but  Mr.  Cnrtis's  paper  was  the  first  attempt  to 
similarly  discuss  the  sunshine  records  at  several  stations  distributed  over  the 
finiiBh  Isles.    It  would  be  interesting  if  the  investigation  could  be  carried  still 
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further,  and  some  person  with  a  large  staff  and  plenty  of  funds  at  his  disposal, 
or  such  individual  observers  who  might  feel  so  disposed,  would  discuss  the  hourly 
sunshine  records  in  relation  to  direction  and  force  of  wind,  temperature,  pres- 
sure, and  humidity,  particularly  the  last  named,  as  atmospheric  moisture  appeared 
to  exert  considerable  influence  upon  sunshine  records.  When  inspecting  the 
Society *8  stations,  he  had  frequently  found  the  sunshine  recorders  to  be  imper- 
fectly adjusted,  the  "  universid  **  pattern  being  particularly  liable  to  derangement 
owing  to  the  glass  sphere  slipping  out  of  position,  the  screw  clamps  whicn  hoid 
it  in  its  place  being  liable  to  become  loose.  A  ready  method  of  testing  the 
position  of  the  glass  ball  was  to  ^ass  a  sovereign  between  it  and  the  metal  frame 
in  which  the  card  was  placed  ;  if  the  coin  went  round  quite  evenly  the  ball 
would  be  in  the  centre  of  the  frame  and  in  good  focus.  It  would  be  interesting 
to  have  a  comparison  of  sunshine  records  upon  a  hill  and  in  a  dale.  Great 
difficulty  was  often  experienced  in  securing  a  perfectly  free  horizon  for  a  sun- 
shine recorder,  and  the  height  of  the  instrument  above  the  ground  varied  con- 
siderably at  different  stations.  Some  recorders  were  placed  on  the  top  of  towers 
or  lofty  buildings,  while  others  were  exposed  only  a  few  feet  above  the  ground, 
where  the  records  were  liable  to  be  influenced  by  morning  and  evening  mists. 
The  physical  features  of  a  district  required  to  be  taken  into  account  when  com- 
paring sunshine  records.  For  instance,  Ventnor,  owing  to  its  sheltered  situation 
under  the  undercliff,  which  rose  to  a  considerable  height  to  the  north-west,  had 
the  evening  sunshine  considerably  diminished,  and  it  would  not,  therefore,  be 
comparable  with,  say,  the  records  for  Eastbourne,  where  the  instrument  had  an 
uninterrupted  horizon.  Valuable  and  interesting  results  would  doubtless  be 
obtained  if  observations  with  recorders  placed  at  various  elevations  above  the 
ground  in  an  open  situation  were  carried  out  with  the  object  of  determining 
what  effect,  if  any.  elevation  above  the  earth^s  surface  had  upon  the  registration 
of  sunshine. 

Mr.  G.  J/Stmons,  referring  to  Mr.  Backhouse's  inquiry,  said  that  Mr.  Glaisher 
had  fully  discussed  the  question  of  the  diurnal  variation  in  the  amount  of  cloud, 
and  the  results  of  his  investigation  were  to  be  found  in  the  Diurnal  Bangs 
TahleSf  which  Mr.  Glaisher  published  many  years  ago. 

The  President  (Mr.  R.  Inwards)  said  tnat  with  regard  to  the  general  ques- 
tion of  sunshine  recording,  he  would  like  to  know  whether  any  Fellow  of  the 
Society  had  attempted  to  make  direct  observations  of  the  effect  of  sunshine  on 
the  gi'owth  of  plants.  He  remembered  that  at  the  Society's  Exhibition  of 
Instruments  in  March  1891  an  ingenious  apparatus  for  weighing  growing 
plants  was  shown,  the  arraagement  being,  he  believed,  but  a  carrying  out  in 
detail  of  the  suggestions  of  the  Dutch  author,  J.  Ingen  Honsz,  who  wrote  in 
1729.  He  (Mr.  Inwards)  would  also  like  to  know  whether  any  observations  had 
been  made  as  to  the  effect  of  wind  on  the  sunshine  recorder  itself,  as  it  was  easy 
to  see  that  there  must  be  great  differences  of  exposure  to  wind  at  the  various 
stations. 

Mr.  R.  H.  Curtis,  in  reply,  said  it  would  be  of  great  interest  to  study  the 
diurnal  variation  of  sunshine  in  connection  with  the  diurnal  variation  of  tempe- 
rature, wind-force,  rainfall,  and  barometrical  pressure,  to  each  of  which  he 
thought  it  would  show  some  degree  of  correlation.  In  connection  with  such  a 
study  it  was  most  important  to  bear  in  mind  the  physical  features  of  the  district 
represented  by  the  record,  because  there  could  be  no  doubt  but  that  these  exer- 
cised a  very  direct  influence  upon  the  amount  of  sunshine  experienced,  as  they 
did  also  upon  the  march  of  the  other  phenomena  which  he  had  named.  The 
necessity  for  a  perfect  exposure  was  emphasised  by  the  peculiarity  in  the 
Armagh  record,  to  which  he  had  referred.  There  were  districts  in  which  it  was 
impossible  to  obtain  a  perfect  horizon  for  the  recorder  owing  to  hills,  but  such 
hills  formed  a  natural  feature  which  affected  the  sunshine  "capability"  (to 
repeat  the  term  he  had  used  in  the  paper)  of  that  particular  district,  and  as  such 
it  nad  to  be  taken  into  account.  It  was  not,  however,  to  such  obstructions  that 
he  now  referred,  but  to  others  of  a  local  and  artificial  character,  such  as  trees 
and  buildings,  and  which  affected  only  the  actual  place  of  the  recorder,  and  not 
in  any  way  the  district  it  professed  to  represent.  The  shadow  cast  on  the  card 
at  Armagh  was  but  for  a  few  minutes  eacli  day,  and  only  during  a  few  weeks  in 
spring,  and  asain  in  autumn.  It  was  by  no  means  easy  to  detect  it  by  inspection 
of  the  reooras,  and  it  would  scarcely  make  itself  felt  in  the  mean  daily  amount 
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for  the  months  affected ;  but  it  became  very  conspicuoiu  in  dealing  with  the 
hourly  amounts,  and  under  some  circumstances  might  easily  proTe  very  mis- 
leading. Some  speakers  had  apparently  thought  that  the  flattening  of  the 
curves  in  the  middle  of  the  day  indicated  an  increased  cloudiness  then,  but  that 
was  not  necessarily  so  ;  it  showed  an  equal  distribution  of  sunshine  over  the 
middle  hours  of  the  day,  but  that  might  conceivably  represent  less  cloud  in 
the  morning  and  afternoon  rather  than  more  cloud  at  midday.  He  did  not 
consider  that  the  smoke  of  Qlasgow  would  wholly  account  for  the  greater 
sunnyness  of  the  afternoon  as  compared  with  the  morning  hours,  although 
doubtless  it  did  so  to  a  great  extent.  The  prevailing  winds  would  blow  from 
the  observatory  towards  the  city,  and  the  diurnal  increase  of  wind-force, 
which  corresponded  verv  fairly  with  that  of  sunshine,  would  tend  to  clear  the 
smoke  away  from  the  observatory,  and  to  that  extent  might  be  held  to  account 
for  the  phenomenon  ;  but  a  similar  phenomenon  was  shown  at  Falmouth  also, 
where  smoke  could  not  be  possibly  made  to  explain  it,  and  therefore  he  was  led 
to  believe  that  smoke  was  not  the  only  cause  involved  in  it.  With  reference 
to  Mr.  Symons*  remarks  as  to  a  "  hypothetical  altitude  *'  as  a  standard  of  inten- 
sity, he  might  mention  that  occasionally  in  winter  the  bum  made  upon  the  card 
was  equally  as  broad  as  in  summer  ;  wind-force  he  did  not  think  influenced  the 
bum  at  all.  On  the  whole,  he  was  of  opinion  that  the  Stokes*  form  of  instru- 
ment was  the  best,  especially  if  improved  in  one  or  two  details,  as  could  easily 
be  done ;  to  the  "  universal  ^'  form  he  had  some  objections,  and  he  had  several 
times  found  these  instruments  out  of  proper  focus. 
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AT  SEA. 

By  henry  harries,  F.R.Met.Soc. 
Mem.  German  Met.  Soc. 


[Beoeived  May  7th.— Bead  June  19th,  1895.] 

When  reading  the  Hon.  Rollo  Rassell's  comparaiiyely  recent  work  On 
Hailf  it  occurred  to  me  that  the  author,  in  the  absence  of  either  positive  or 
negative  information,  had  fallen  into  an  error  in  his  treatment  of  one  branch 
of  the  subject,  namely,  that  of  the  occurrence  of  hailstorms  out  on  the 
ocean.  Having  had  much  to  do  with  maritime  weather  records,  I  felt  sure 
that  a  general  examination  of  some  of  them  would  reveal  facts  at  variance 
with  the  conclusions  arrived  at  in  the  book  referred  to. 

The  references  to  falls  of  hail  are  confined  almost  wholly  to  those  observed 
on  land,  the  numerous  authorities  quoted  evidently  contenting  themselves 
with  land  records,  and  Mr.  Russell  has  thus  been  unwittingly  led  to  suppose 
that  hail  is  essentially  a  land  phenomenon. 

On  pages  57  and  58  there  is  an  extract  from  the  Phihsophical  Magazine 
giving  a  brief  account  of  "  a  shower  of  ice  in  irregular  pieces  "  which  lasted 
three  minutes,  at  a  distance  of  about  800  miles  south  of  the  Cape  of  Good 
Hope.    Page  94  contains  a  reference  to  showers  of  hail  '<  in  the  Atlantio  " 
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in  December  1869,  bat  no  information  is  given  as  to  whether  the  falls  were 
north  or  south  of  the  Eqnator,  in  mid-ooean  or  close  inshore. 

These  constitute  the  sum  total  of  the  instances  of  ice  or  hail  on  the  water, 
and  when  we  remember  that  the  extracts  cover  a  period  of  more  than  two 
centuries,  it  is  not  surprising  that  Mr.  Bussell  should  have  decided,  in  Chap- 
ter VI.,  ''  Summary  of  Characteristics  of  Hailstorms  and  Hailstones,"  page 
154,  that  '*  in  mid  ocean  it  [hail]  is  uncommon ;  "  and  again  in  Chap- 
ter Vn.,  *'  Conclusions,"  we  have  the  upshot  of  the  discussion  of  a  multi- 
tude of  theories  and  conjectures  resolving  itself  into  a  law  which  deislareB 
(page  202)  that  "  the  equability  of  the  ocean  temperature,  and  the  usual 
absence  of  comparatively  very  cold  masses  of  air  at  a  high  level,  will  rarely 
allow  the  development  of  great  hailstorms  over  the  open  sea."  It  really 
looks  from  these  extracts  as  if  we  ought  to  regard  the  only  two  falls  men- 
tioned as  being  merely  accidental  circumstances  which  should  not  have 
occurred  in  a  properly  constituted  oceanic  atmosphere.  The  book  contains 
nothing  to  show  that  mariners  have  supplied  evidence  proving  that  hail  is  a 
stranger  to  them,  neither  are  there  any  data  to  support  the  notion  as  to 
'<  the  usual  absence  of  comparatively  very  cold  masses  of  air  at  a  high 
level  "over  the  ocean. 

I  am  not  going  to  propose  any  theory  regarding  hail  at  sea ;  my  object  in 
contributing  this  paper  to  the  Society  is  simply  to  place  on  record  a  few 
facts  gleaned  from  original  and  authentic  sources  which  will  satisfy  Mr. 
Russell  that  his  theories  cannot  be  justified. 

As  is  well  known,  mariners  have  for  more  than  40  years  been  registering 
systematic  weather  observations  for  the  Meteorological  Office,  and  several 
thousands  of  the  logs  are  stored  in  Victoria  Street.  The  information  on 
which  this  paper  is  based  has  been  obtained  from  a  few  of  these  manuscript 
volumes,  the  Meteorological  Council  readily  granting  me  permission  to  in- 
spect the  logs  for  the  purpose. 

To  discuss  the  entire  collection  would  manifestly  be  beyond  my  powers, 
and  for  the  immediate  object  in  view  such  an  elaborate  inquiry  is  quite  un- 
necessary. For  testing  the  frequency,  what  I  have  done  is  this.  The  logs 
of  18  vessels  visiting  the  southern  oceans  were  taken  in  the  order  in  which 
they  came  to  hand,  and  without  any  attempt  at  selection  for  the  sake  of  the 
quantity  of  observations  they  may  contain.  The  volumes  related  to  the 
years  1871,  1875,  1876,  1877,  1878,  1880,  and  1881.  Going  through  the 
column  headed  '*  Weather,"  the  entries  of  the  letter  «  h  "  were  noted.  Of 
the  18  vessels  one  proved  to  be  a  steamer  running  between  Lisbon  and  Bio 
de  Janeiro,  no  hail  being  registered.  Three  of  the  observers  made  use  of 
*'  h  "  to  represent  both  <*  hail  "  and  **  haze,"  and  were  consequently  dis- 
qualified. One  of  these  gave  as  many  as  55  entries  of  «  h,"  80  of  which 
were  undoubtedly  hail,  because  they  were  confirmed  by  definite  statements 
in  the  space  for  remarks,  but  the  remaining  25  were  too  doubtful  for  use. 
I  had  consequently  the  logs  of  14  ships  to  deal  with.  A  dozen  of  them 
sailed  down  the  South  Atlantic  for  Asiatic,  Australian,  or  New  Zealand  ports, 
the  other  two  going  round  Cape  Horn.    All  of  them  experienced  hail,  the  18 
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which  went  into  east  longitude  recording,  between  the  meridian  of  Green- 
wich and  the  180th  meridian,  and  at  the  ordinary  four-hourly  periods,  177 
entries  of  **  h,"  or  an  average  of  16  each,  one  ship  having  29,  another  80, 
and  a  third  82.  In  the  more  open  part  of  the  Indian  Ocean,  between  80^  E. 
and  120°  E.,  with  only  two  or  three  infinitely  small  specks  of  islands  in  the 
whole  space,  118,  or  67  per  cent.,  of  the  hail  observations  were  noted.  As 
ships  do  not  usually  go  very  far  south  in  crossing  the  Indian  Ocean,  nearly  the 
whole  of  the  hail  recorded  was  on  the  equatorial  side  of  the  47th  parallel, 
and  about  a  sixth  of  the  total  number  of  observations  on  the  northern  side 
of  40°  S. 

Five  of  the  ships  m  the  South  Pacific,  between  180°  and  70°  W.,  recorded 
hail  88  times,  most  of  them  on  the  polar  side  of  50°  S.,  but  a  few  to  the 
northward  of  40°  S. 

The  logs  also  contain  observations  of  hail  in  the  North  and  South  Atlan- 
tic, and  the  North  Pacific,  the  14  observers  recording  on  their  out  and  home 
passages  a  total  of  114  days  with  hail.  If  we  accept  the  theory  which  tells 
us  not  to  expect  hail  at  sea,  an  average  of  eight  days  per  ship  per  voyage  is 
very  high  indeed.  But  I  have  glanced  through  scores  of  other  logs,  and  I 
believe  I  am  justified  in  saying  that  the  results  deduced  from  these  chance 
14  registers  give  a  very  fair  general  average,  hardly  any  of  the  ships  escap- 
ing hail  at  some  stage  or  other  of  a  voyage  in  the  open  southern  oceans, 
some  registering  it  very  much  more  frequently  than  any  of  those  included  in 
the  foregoing  summary.  Thus,  one  observer  on  the  way  to  New  Zealand 
and  home  entered  <<  h  "  66  times— outward,  5  in  the  North  Atlantic  and  16 
in  the  Indian  Ocean ;  homeward,  81  in  the  South  Pacific,  9  in  the  South 
Atlantic,  and  5  in  the  North  Atlantic.  Another  had  21  entries  between 
4°  E.  and  49°  E.,  in  87°  S.  to  89°  S. ;  while  an  observer  giving  weather 
entries  regularly  every  two  hours  recorded  hail  85  times  while  running  from 
10°  to  189°  E.,  in  44°  to  48°  S. ;  another  as  many  as  96  times  within  16 
days  between  51°  E.  and  165°  E.,  in  48°  S.  to  49°  S.  Of  this  very  large 
number,  12  were  underlined  once,  12  twice,  and  one  thrice,  the  underscoring 
denoting  intensity.  Further,  45  of  the  entries  were  within  five  days,  10 
being  heavy,  and  12  very  heavy.  On  the  homeward  run  across  the  South 
Pacific  the  same  observer  gave  20  entries  of  hail  in  five  successive  days,  so 
that  we  have  a  single  observer  with  116  records  while  running  about  two- 
thirds  the  distance  round  the  southern  hemisphere. 

It  must  be  borne  in  mind  that  these  records  are  merely  firom  chance 
visitors  to  any  particular  locality,  and  this  fact  must  be  taken  into  account 
in  any  attempt  at  comparison  between  sea  and  land  data.  The  great,  the  re- 
markable, frequency  of  hail  in  the  Indian  Ocean  is,  however,  fully  confirmed 
by  the  log  of  H.M.S.  Erehus  for  the  period  of  the  stay  in  Christmas  Har- 
bour, Eerguelen,  from  May  12th  to  July  20th,  1840.  Out  of  the  70  days 
hail  fell  on  24 ;  in  May  10,  in  June  11,  and  in  July  8,  there  being  in  all 
64  entries  of  hail,  the  weather  records  being  hourly  as  a  rule.  Is  there  any 
fixed  station  in  Europe  which  can,  for  its  worst  hailstorm  year,  equal  this 
mid-ocean  return  ? 
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In  the  foregoing  I  think  I  have  bronght  forward  qnite  enough  evidence  to 
negative  the  assertion  that  hail  at  sea  *'  is  uncommon." 

Nor  is  the  undoubted  frequency  of  hail  the  only  feature  worthy  of  atten- 
tion, for,  contrary  to  another  portion  of  Mr.  Russell's  theory,  great  hail- 
storms are  often  met  with  on  the  open  ocean.  My  difficulty  has  not  been  to 
discover  accounts  of  severe  storms,  but  to  select  a  few  typical  examples  of 
what  we  may  regard  as  not  uncommon  occurrences.  Figures  have  already 
been  given  showing  the  proportion  of  moderate,  heavy,  very  heavy,  and  ex- 
cessively heavy  hail  experienced  in  the  South  Indian  Ocean  during  a  run  from 
west  to  east.  Taking  another  register  in  the  same  neighbourhood,  and  for 
another  year,  I  find  that  out  of  14  days,  between  59^  E.  and  186^  E.;  in 
44°  S.  to  47°  8.,  hail  fell  on  10  days.  On  one  day  there  was  a  considerable 
fall  of  hail  and  snow  ;  later  the  observer  remarked  :  **  Several  times  during 
the  night  the  decks  were  covered  an  inch  deep  with  hail  and  snow  ;  *'  next 
day  hail  fell  most  of  the  time,  snow  or  hail  falling  for  three  hours  almost 
without  cessation.  A  few  days  after  great  quantities  of  hail  fell  in  frequent 
heavy  squalls. 

A  Fellow  of  this  Society,  Capt.  A.  W.  Jeffery,  of  the  S.S.  Ptolemy^  experienced 
a  severe  hailBtonn  on  March  14th,  1883,  in  41°  N.,  43°  W.,  fairly  in  mid-Atlantic. 
<^  11.45  p.m.  squall  force  9  lasted  40  minutes,  and  wind  flew  to  the  North-west. 
During  this  squall  the  lightning  was  veiy  vivid,  and  the  hailstones  of  an 
immense  size,  so  much  so  that  the  helmsman  could  not  hold  the  wheel,  and  the 
ship's  head  was  turned  to  the  southward  for  30  minutes  till  the  hail  ceased/' 

Capt.  Peebles,  of  the  four-masted  barque  TweedsdaUy  on  August  17th,  1883, 
in  39°  S.,  21°  E.,  reported  : — "  9.30  p.m.  a  thunderstorm  burst  over  us,  incessant 
lightning  seemed  darting  throagh  the  gear,  peal  after  peal  of  thunder  shaking 
the  whole  ship.  For  about  15  minutes  haaa  tremendous  fall  of  hailstones  as 
large  as  pigeons'  eggs." 

On  the  barque  Margaret  Wilkie,  Captain  Gibbs  reported  a  hailstorm  on  October 
2Gth,  1875,  in  about  37^°  S.,  22°  E.  At  first  the  stones  were  from  the  size  of  a 
pea  to  that  of  a  horsebean,  but  afterwards  they  became  larger  and  thicker. 

Capt.  Gray,  on  the  barque  Shun  Lee,  August  25th,  1881,  in  34°  S.,  28°  W., 
notea: — "7.30  p.m.  sky  commenced  to  cover  with  a  dense  nim.  cloud  from  South- 
west, and  which  by  8  p.m.  hung  like  a  dense  pall,  making  an  intense  darkness. 
As  soon  as  well  overhead,  hail  as  big  as  large  peas  came  down  in  a  perfect 
avalanche,  covering  the  poop  about  2  inches  in  a  few  minutes.  As  it  passed  it 
changed  to  rain.**  When  commanding  the  barque  Speranxa,  Capt.  Gray  had  a 
fall  of  large  hailstones  in  February  1873,  in  57^  S.,  76°  W.,  and  on  May  22nd, 
1873,  in  44°  S.,  77°  W.,  "had  some  hard  hail  and  sleet  squalls,  some  of  the  hail- 
stones as  big  as  a  nut.  Had  venr  heavy  hail  and  sleet  squalls  at  short  intervals, 
but  at  3  p.m.  had  a  most  terrific  one.  Kept  away  with  reefed  topsails  on  the 
cap,  and  then  it  seemed  as  if  it  would  bury  the  ship.  Had  a  similar  one,  not  so 
heavy,  at  6  p.m.'*  Again  in  the  following  November  he  had  a  heavy  fall  of 
lumps  of  jagged-edged  pieces  of  ice,  some  of  them  an  inch  long,  in  42°  S.,  60°  W. 

In  six  days  in  April,  while  sailing  along^the  50th  parallel  of  south  latitude 
between  178°  E.  and  158°  W.,  Capt.  J.  P.  Holdich,  R.N.R..  of  the  ship  British 
Envoy,  gave  24  entries  of  "  h."  At  7  p.m.  on  April  22nd,  in  159°  W.,  he  had  a 
tremendous  fall  of  hail,  the  poop  deck  being  covered  to  a  depth  of  3  inches  in 
20  minutes. 

On  the  homeward  passage  from  San  Francisco,  in  May  1882,  Capt.  Hughes  of 
the  ship  LaomenCy  gave  13  entries  of  hail  in  15  weather  observations,  from  8pm 
10th  to  4  a.m.  13th,  between  82°  W.  and  67°  W.  in  56°  S.,  remarking  that  heavy 
hail  fell  about  everjr  three-quarters  of  an  hour,  and  lasting  10  or  15  minutes,  the 
falls  covering  a  period  of  41  hours,  from  noon  10th  to  5  a.m.  13th.  Again  from 
9  p.m.  23rd  to  8  a.m.  26th,  in  47°  S.,  46°  W.,  to  44°  S.,  41°  W.,  he  had  nine 
entries  of  heavy  hail  which  fell  in  squalls  every  half  or  three-quarters  of  an  hour. 
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Another  yessel  rounding  Cape  Horn  in  Augast  1872  spent  15  days  between 
56**  S.,  67°  W.,  and  49°  S.,  80°  W.,  with  26  entries  of  hail,  the  observer  remarking, 
**  One  thing  I  consider  worthy  of  note,  that  we  have  had  no  really  heavy  rain, 
but  certainly  a  great  quantity  of  hail  and  thick  weather.** 

In  January  1860  Capt.  Sweet,  of  the  ship  Pizarro,  had  hailstones  as  large  as 
small  nuts  in  a  heavy  fall  in  43°  N.,  14°  W. ;  and  in  June  1868  Captain  Banner, 
of  the  barque  Lady  of  the  Lake,  had  very  large  hailstones  in  a  thunderstorm  in 
40°  8.,  89°  W. 

Capt.  Atkinson,  of  the  PriorhiU,  in  April  1888,  had  12  entries  of  hail  in  43°  S., 
100°  £.  to  110°  £.,  remarking  that  the  hailstones  were  the  size  of  small  marbles. 

On  May  14th,  1873,  in  36°  N.,  71°  W.,  Capt.  McRitchie,  of  the  ship  Attaye, 
had  "one  of  the  most  awfully  grand  thunderstorms,'*  with  heavy  squalls  of  rain 
and  hail,  some  of  the  hailstones  being  as  large  as  walnuts.  In  the  previous 
October,  in  38°  S.,  2°  £.,  he  had  had  hailstones  as  large  as  marbles. 

Capt.  James  Gales,  of  the  Florence  Nightingale,  in  March  1857,  in  56°  S.,  66°  W., 
had  two  kinds  of  hail  falling,  one  small  and  round,  the  other  large  and  angular, 
and  striking  with  great  force.  Near  the  same  position,  57°  S.,  64°  W.,  his 
brother,  Capt.  Isaac  Chapman  Qales,  in  October  1868,  had  "sharp  showers  of 
large  snowballs,  not  hail  proper.'* 

On  November  15th,  1863,  Capt.  Kerr,  of  the  Jane  Henderson,  in  35°  S.,  26°  E., 
remarked,  "  At  6.30  p.m.  an  immense  waterspout  formed  suddenly  in  the  west, 
about  two  miles  distant,  and  bore  rapidly  down  upon  the  ship.  She  was  steered 
to  the  south  in  the  hope  of  clearing  it,  but  it  approached  within  throe  ships' 
lengths  and  discharged  pieces  of  ice  upon  our  decks,  about  2  inches  square  (not 
in  balls,  but  flat).  This  was  immediately  followed  by  a  terrible  flash  of  light- 
ning and  sharp  rattling  thunder,  a  deluge  of  rain,  and  a  furious  squalL" 

Not  far  from  the  same  spot,  35°  S.,  24°  £.,  Capt.  Wight,  of  the  Dunali^tair,  on 
July  5th,  1876,  had  the  lower  part  of  a  waterspout  cross  his  bows,  his  weather 
column  showing  very  heavy  squalls,  with  thunder,  lightning,  hail,  and  rain, 
from  8  a.m.  to  8  p.m.,  noting  in  the  remarks  that  "  the  hail  was  like  a  ball  of 
clear  ice." 

In  May,  1891,  Capt.  Randall,  of  the  Laomene,  in  39°  S.,  29°  E.,  had  a  terrific 
thunderstorm  from  north-east,  with  showers  of  hail  and  ice. 

A  tremendous  thunderstorm  broke  over  the  ship  Martahan,  Capt  Gun,  on 
August  16th,  1872,  in  45°  S.,  121°  E.  "The  hail  and  snow  seemed  to  come  in 
lumps,  striking  the  face  like  snow  balls." 

Capt.  Wilson,  of  the  barque  Horsa,  experienced  a  violent  squall,  with  light- 
ning, on  November  11th,  1884,  in  41°  S.,  49°E.  "  It  brought  a  perfect  torrent  of 
pieces  of  ice  like  splinters  |^-in.  in  length.*' 

The  Society's  Quarterly  Journal,  Vol.  XX.  page  172,  contains  an  extract  from 
the  Meteorolo^cal  Office  log  of  the  s.s.  ^ri^h'an  relating  to  a  heavy  hail  and 
thunderstorm  in  the  Bay  of  Biscay,  the  hailstones  being  as  large  as  walnuts, 
many  an  inch  and  two  of  them  1^  in.  in  diameter. 

I  might,  however,  fill  a  whole  volume  with  notices^  of  very  heavy,  terrific, 
or  tremendoas  falls  of  hail  far  away  from  land ;  of  stones  varying  in  size 
from  large  peas  to  walnuts  and  pigeons'  eggs  ;  and  of  pieces  of  ice  up  to  2 
inches  square — bnt  the  examples  quoted  amply  suffice  to  prove  that  great 
hailstorms  on  the  ocean  are  not  sach  altogether  exceptionally  rare  events. 

Another  branch  of  the  question  is  that  of  the  distribution  of  hailstorms  at 
sea.  Mr.  Russell  is  evidently  content  with  the  view  expressed  by  Prof. 
Fritz,  which  he  quotes  at  page  74 — «*  Hail  is  confined  to  middle  latitudes," 
the  maximum  hail-fall  being  between  the  latitudes  of  40°  and  60° — of  coarse, 
on  land. 

So  far  as  my  knowledge  of  the  contents  of  the  meteorological  logs  goes, 
I  have  no  hesitation  in  asserting  that  on  the  open  ocean  hail  is  not  only  ex- 
ceedingly common  in  occurrence,  but  also  more  frequent  and  in  greater 
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qttantitieB  than  on  land,  the  region  of  abundant  hail  being  on  the  polar  side  of 
the  85th  parallel  of  latitude  in  both  hemispheres,  the  logs  yielding  records 
in  abundance.  Between  the  85th  and  the  dOth  parallels  there  is  a  percep- 
tible falling  off  in  the  frequency,  but  still,  when  we  consider  the  latitude,  it 
is  by  no  means  uncommon  for  vessels  to  be  overtaken  by  more  or  less  heavy 
hailstorms.  Within  these  limits,  and  only  on  the  most  cursory  inspection 
of  a  number  of  logs,  I  have  noted  scores  of  observations  of  hail,  but  I  will 
only  refer  to  a  few  of  them  to  show  the  various  localities  in  which  they  have 
been  met  with,  as  well  as  to  prove  that  they  are  not  trifling  fsdls. 

In  a  strong  Northerly  gale  on  February  7th,  1876,  Capt.  Gillmoore,  of  the  ship 
Melpomenej  had  heavy  hail  entered  at  8  a.m.  and  noon,  in  34}°  N.,  36^°  W.,  air 
temperature  50^)  sea  61|°. 

Captain  Rowsell,  of  the  R.M.S.  TaguSy  experienced  a  heavy  hailstorm  on 
August  8th,  1888,  in  84}''  S.,  58°  W.  Tentrance  to  the  Kio  de  la  Plata),  the  thun- 
der and  lightning  being  incessant,  ana  the  hailstones  of  the  size  of  eggs. 

During  a  severe  Westerlv  gale  on  July  15th  and  16th,  1855,  Capt.  Cowell,  of 
the  ship  Annay  had  for  14  hours  a  succession  of  hail  falls  in  squalls  and  thun- 
derstorms, between  29°15'  S.,  40i°  W.,  and  30°40'  S.  41°  W. ;  and  again  in  the 
night  of  the  21st-22nd,  in  34^°  S.,  49°  W.,  he  had  heavy  showers  of  hail  and 
of  sleet. 

On  January  13th,  1877,  one  of  our  Fellows,  Capt.  Greenwood,  ship  Oareloeh^ 
had  a  sudden  shift  of  wind  from  East  into  South-west,  with  heavy  squalls  of 
large  hailstones  in  32°53'  S.,  29°  W. 

Capt.  Gray*s  experience  in  34°  S.,  28°  W.,  has  already  been  quoted. 

In  31°  S.,  27 J°  W.,  Capt.  Stuart,  of  the  ship  Otago,  had  a  heavy  shower  of  hail 
on  the  morning  of  August  30th,  1873  ;  and  at  midnight  of  September  1st,  in 
32°  S.,  20°  W.,  Capt.  TuUy,  of  the  ship  Baroda^  had  very  heavy  hail  showers. 

On  June  12th,  1856,  Capt.  Tate,  of  the  ship  Meroo,  had  heavy  hail  squalls  in 
32°56'  S.,  17°  W. 

The  log  of  the  barque  Result  shows  sharp  squalls  of  hail  on  August  14th,  1865, 
in  33°54'  S.,  14°  W. 

On  November  24th,  1885,  Capt.  Russell,  of  the  ship  Khyber^  had  frequent 
heavy  hail  squalls  at  intervals  of  about  20  minutes  in  34^°  S.,  9°  W. 

Capt.  Scougall,  of  the  barque  Closebum^  had  several  falls  of  hail  in  34°  S., 
from  1°  E.  to  3i°  E.,  on  September  9th,  1891. 

A  furious  squall  from  South-west,  accompanied  by  hail,  struck  the  ship  Rivers^ 
dale,  Capt.  Maples,  on  June  16th,  1875,  in  31^°  S.,  12°  E. 

On  the  ship  Amana,  May  15th,  1888,  Capt.  Becket  had  heavy  squalls  of  rain 
and  hail  between  83}°  S.  and  38^°  S.,  in  longitude  15°  E. ;  and  on  June  27th, 
1878,  Capt.  Ellery,  of  the  ship  Baroda,  had  heavy  squalls  of  hail  and  rain  in 
82i°  S.,  16°  E.,  air  temperature  5l°-9. 

I  have  thus,  without  exhausting  my  list,  run  a  line  across  the  South  Atlan- 
tic from  58^  W.  to  16°  E.,  but  in  the  Indian  Ocean  an  equally  complete 
chain  of  short  links  would  be  difficult  to  obtain,  owing  to  the  fact  that  ships 
follow  closely  certain  well-defined  narrow  tracks  in  making  for  Asiatic  ports, 
and  again  on  their  homeward  voyages. 

About  the  edge  of  the  Agulhas  Bank,  off  the  south-east  of  Africa,  and 
between  80°  S.  and  85°  S.,  hail  often  falls,  observers  describing  the  storms 
as  **  severe,**  **  violent,"  **  terrific,"  and  so  on,  the  stones  frequently  being 
noted  as  large. 

It  will  be  sufficient  to  give  an  extract  from  the  log  of  the  barque  Kingdom  of 
Saxony,  Capt.  W.  C.  Smith.  At  10  a.m.  on  July  17th,  1874,  in  81°25'  S., 
81°50'  £.,  "  there  fell  a  shower  of  the  largest  hailstones  I  have  ever  seen  ;  not 
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like  ordinary  hail,  but  bits  of  ice  ;  not  of  whitish  colour,  but  like  glass/*  Next 
day,  in  80°68'  S.,  32°  E.,  there  were  squalls  of  very  heavy  rwn  and  hail. 

Further  out  on  the  ocean  we  have  Capt.  Quirk,  of  the  ship  Mencius,  reporting 
a  severe  gale  with  violent  squalls  and  heavy  hail  showers,  in  31°  S.,  38°  E.,  on 
June  27th  and  28th,  1856 ;  and  a  few  days  later,  on  July  1st,  in  Sl^iO*  S..  41°  R, 
Capt.  Liddle,  of  the  barque  Brtde^  had  very  heavy  squalls  of  hail  and  rain. 

Capt.  Clement  Mossop,  of  the  ship  Canddhar^  on  April  18th,  1868,  was  in  a 
heavy  southerly  gale  in  84°  S.,  74°  E.,  recording  squalls  of  hail  and  rain. 

At  3  a.m.  on  May  20th,  1856,  Capt.  Fox,  of  the  ship  Anne  Rayden,  in  31°  3., 
81°  E.,  noted,  **  Squall  arose  looking  very  threatening,  but  instead  of  much  wind 
it  turned  into  a  heavv  fall  of  hail,  one  flash  of  lightning,  and  a  clap  of  thunden 
This  fall  of  hail  continued  three-quarters  of  an  hour." 

In  32°  S.,  96°  E.^  Capt.  Fawcett,  of  the  barque  Staghound,  on  August  ISth, 
1877,  registered  hail  squalls  in  two  observations  ;  and  on  September  3rd,  1875, 
the  £hip  Beemah  had  violent  hail  squalls  in  82^°  S.,  97°  E.,  hail  falling  nearly 
all  day. 

From  these  records  it  is  fair  to  conclude  that  between  80^  and  85°  S« 
there  is  a  possibility  of  meeting  with  hail  all  along  the  ocean  from  the 
American  to  the  African,  and  from  the  African  to  the  Australian  coasts. 

Not  having  handled  many  Pacific  logs  entering  these  limits  of  latitude,  I 
can  only  say  that  the  few  I  have  seen  strongly  support  the  records  in  the 
other  oceans,  there  being  records  of  hail  in  the  South  Pacific  at  different 
stages  between  82°  and  84°  S.,  from  152°  E.  to  95°  W.,  an  exceptionally 
severe  hailstorm,  extending  over  24  hours,  being  recorded  by  Captain  Price, 
of  the  barque  Viola,  on  July  22nd  and  28rd,  1887,  in  88°  S.,  between  106°  and 
102°  W.  In  corresponding  latitudes  in  the  North  Pacific  the  entries  seem 
to  be  fairly  numerous  in  the  western  half  of  the  ocean,  Capt.  Fawcett  of 
the  Staghound,  in  February  1878,  registering  haQ  eight  times  in  11  con- 
secutive weather  observations  between  84°  and  86°  N.,  178°  to  180°  E. 

On  the  eastern  side  of  this  ocean  H.M.S.  Satellitej  on  August  8th  and 
9th,  1860,  had  three  entries  of  haii  between  29^°  N„  119^°  W.,  and  28^° 
N.,  118°  W.,  the  winds  being  North-west  to  North-east  light,  and  the  air 
temperature  66°at  8  p.m.,  8th,  and  noon,  9th,  and  65°  at  8  p.m.,  9th. 

Having  thus  made  it  perfectly  clear,  I  hope,  that  we  are  not  warranted  in 
regarding  hail  as  an  altogether  unusual  phenomenon  on  the  sea  in  the 
Northern  and  Southern  Hemispheres  above  the  dOth  parallels  of  latitude,  I 
must  add  the  few  instances  of  falls  nearer  the  Equator  which  have  come 
under  my  notice.  Of  course,  it  will  be  understood  that  I  have  not  attempted 
an  exhaustive  search  of  the  logs  handled,  my  original  intention  having  been 
to  obtain  a  general  idea  of  the  frequency  of  hail  in  the  more  southern  part 
of  the  Indian  Ocean,  the  size  and  distribution  being  an  afterthought  when  I 
found  frequent  mention  of  storms  much  nearer  the  Tropics  than  the  latitude 
of  40°. 

If  we  think  of  the  influence  of  the  great  winter  anticyclone  over  Siberia 
on  the  climate  of  South-eastern  Asia  we  shall  all  be  prepared  to  find  colder 
weather  off  the  Chinese  coast  in  the  early  months  of  the  year  than  is  to  be 
met  with  in  similar  latitudes  in  other  seas.  This  influence  is  strikingly  ex- 
hibited in  the  low  temperatures,  and  the  snow  and  hailstorms  experienced  by 
ships  at  some  distance  from  the  land  between  20°  and  80°  N. 
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In  a  strong  North  to  North-west  gale,  in  about  30°  N,  123^  E.,  on  Febnury  Ist 
and  2nd,  1862,  Capt,  Peter  Slaughter,  of  the  ship  Spray  of  the  Ocean,  registered 
15  consecntiye  entries  of  hail,  sleet,  or  snow  (8  of  hail),  the  air  temperature 
sinking  to  32°. 

On  Fehruarv  3rd,  1866,  Capt.  Quirk  encountered  a  gale  in  29}«  N.,  124*^  E., 
with  several  showers  of  hail  and  small  snow,  the  temperature  of  the  air  dropping 

A  degree  nearer  the  Equator,  in  122°  E.,  on  February  26th,  1886,  Capt 
Pearson,  of  the  s.s.  Strathleven,  had  constant  showers  of  mixed  hail  and  rain. 

Running  dOwn  the  Formosa  Channel  for  Hong  Kong.  Capt.  Metcalfe,  of  the 
White  Star  liner  Oceanic,  had  a  succession  of  hail  showers  on  January  ^th  and 
21st,  1884.  ^ 

Perhaps  it  goes  against  the  grain  with  some,  if  not  all  of  us,  to  admit  that 
hail  can  fall  at  sea  within  the  Tropics,  but  I  think  we  have  enough  data  to 
show  that  such  precipitation  is  possible. 

On  April  30th,  1883,  in  23''  N.,  117''  E.,  during  a  moderate  gale,  the  weather 
was  dull  and  gloomy,  with  squalls  of  hail  and  very  heavy  rain,  temperature 
falling  from  76^  to  73^ 

Capt.  Dulling,  of  the  s.s.  Port  Phillip,  had  very  dull  heavy  weather  on 
August  24th,  1885,  the  sky  beine  overcast  with  nimbus ;  temperature  at  4  a.m.  83°, 
8  a.m.  and  noon  84°.  At  2  p.m.  he  remarked  that  the  atmosphere  was  disagreeably 
sultry,  with  a  nasty  haze  on  the  horizon  ;  and  at  4  p.m.,  with  nimbus,  amount  9, 
the  weather  was  "  oqrh,"  temperature  78°,  the  8  p.m.  reading  being  84°,  and  at 
midnight  83°.  The  position  at  4  p.m.  was  20°53'  N.,  125°45'  E.,  a  considerable 
distance  south-eastward  from  the  southern  extremity  of  Formosa. 

When,  however,  we  go  into  other  parts  of  the  world,  where  we  have  totally 
dissimilar  atmospheric  conditions  prevailing,  it  may  not  be  so  easy  to 
account  for  hail  as  it  is  in  the  neighbourhood  of  the  China  Sea. 

Capt.  Kerr,  of  the  ship  Ardgovsan,  had  very  heavy  squalls  of  hail  and  rain  on 
May  24th,  1874,  in  29°  S,  38^°  E. 

The  P.  and  0.  barque  Indus,  Capt  Lee,  was  in  a  violent  Southerly  gale  on 
Mav  17ih,  1866,  and  at  10  a.m.,  in  29°80'  S.,  41°38'  E.,  there  were  showers  of 
hail  in  tremendous  squalls.  At  8  p.m.  and  10  p.m.  on  the  16th  the  air  tempera- 
ture was  72°,  but  at  10  a.m.  on  the  17th  the  reading  was  60°,  2  p.m.  58°-5,  4  p.m. 
and  6  p.m.  59°'4,  and  at  8  p.m.  58°;  sea  temperature  changing  but  slightly — 73° 
to  74°  during  the  day.  The  gale  continuing  on  the  18th,  there  was  another 
severe  squall  with  hail  at  10  a.m.,  in  28°58'  S.,  40°35'  E.,  the  air  temperature 
being  6l°'5.  These  falls  occurred  at  a  distance  of  about  300  miles  from  the 
southern  point  of  Madagascar,  and  about  500  miles  from  the  African  coast. 

A  remarkable  hailstorm  was  experienced  by  the  barque  Minero  in  the  South 
Atlantic  on  July  6th,  1871.  Throughout  the  preceding  night  the  weather  had 
been  very  bad,  sky  heavily  clouded,  with  very  heavy  thunderstorms  and  rain. 
At  noon,  in  26°27'  S.,  39°49'  W.,  Capt.  Carruthers  remarked,  **  After  8  a.m.  could 
see  the  cum.  packed  in  south-west  horizon  ;  overhead  covered  with  cloudy  black- 
ness, through  which  you  can  see  cum.  To  the  west  heavy  black  clouds  which 
passed  over  about  1 1  a.m.,  with  excessively  heavy^  thunder  and  lightning,  also 
hail  of  extraordinary  size,  some  of  it  quite  half-an-inch  square  ;  it  was  irregular 
in  shape,  and  the  heaviest  of  it  lasted  10  minutes."  The  temperature  of  the  air 
was  not  greatly  affected  by  this  fall ;  it  was  at  69°'9  on  the  5th,  at  noon,  and  by 
4  a.m.  6th,  it  was  64°'2,  nsing  to  66°'9  by  8  a.m.,  falling  to  64°-8  at  noon,  and 
going  up  to  67°*9  by  4  p.m.  Sea  temperature  altered  very  slightly  during  the 
two  days  ;  8  a,m.  of  6th  it  was  70°,  noon  70°-4,  and  4  p.m.  70°'9. 

Twenty-two  miles  inside  the  Tropic  of  Capricorn,  in  23°6'  S.,  36°40'  W.,  on 
July  10th,  1855,  Capt.  Cowell,  of  the  ship  Arma,  entered  in  his  weather  column 
"  c  hailstones,**  and  stated  in  the  remarks,  "  At  5.30  p.m.  we  had  a  few  hail- 
stones, weather  very  squally,  wind  from  South-west  to  West.'*  Temperature  at 
3  p.m.  was  71°,  and  at  6  p.m.  69°.  Five  days  later,  as  already  mentioned,  the 
same  ship  had  several  falls  of  hail  between  29°  and  80°  S. 
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Approaching  siiU  nearer  the  Eqnatori  my  next  illnstraiion  is  found  far  out 
in  the  Indian  Ooean,  and  onoe  more  our  aathority  is  Oapt.  Greenwood, 
F.B.Met.Soc. 

On  April  14th,  1878,  the  ship  Oareloch  was  on  the  outer  edge  of  a  cjclone,  the 
sky  very  clondy.and  the  wind  increasing  from  the  Sonthward.  At  8  p.m.,  in 
2in5'  ».,  66''50'£.,  with  wind  Soath-south-west  5—7  ;  air  temperatore  TS*' ;  cloud 
form,  Str  ;  amount  10 — 6  ;  and  the  weather  given  as  <*  ch,'*  but  no  comment  made 
in  thes  pace  for  Remarks.  At  midnight,  wind  South-east  5 — 8  ;  temperature 
77°*6  ;  cloud,  Str,  10 — 7 ;  weather  "  cbg  ; "  remark,  "  Hard  squall,  wind  veering 
to  South-east  and  East."  Were  there  nothing  else  to  guide  us  than  the  bare 
record  for  the  day,  scepticism  as  to  the  meaning  of  the  "  h  "  entered  as  above 
would  be  natural,  but  the  log  itself  is  pretty  conclusive  evidence  that  the  letter 
was  correctlv  entered  for  hail,  every  instance,  and  there  are  many  of  them,  of 
the  weather  Doing  hazv  during  the  voyage  out  and  home  having  <'m"  as  its 
equivalent  in  the  weather  column.  Even  this  proof  may  by  some  be  thought  not 
to  determine  the  point  absolutely,  for  it  might  be  argued  that  for  once  the 
observer  had  made  a  slip  of  the  pen.  As  the  case  is  manifestly  a  very  interest- 
ing and  important  one,  I  have  made  assurance  doubly  sure  by  an  appeal  to  Capt. 
Greenwood  himself,  and  ho  has  very  kindly  gone  into  the  question.  The  inci- 
dent having  occurred  more  than  17  years  ago,  he  has  not  trusted  to  bis  memory, 
for  he  does  not  remember  it  as  one  of  the  great  events  of  his  life  at  sea,  but  he 
has  consulted  his  private  journal  for  the  period,  and  satisfactorily  settles  any 
doubt  we  may  have  on  the  point.  He  writes  to  me :  "  Although  there  is  no 
entiy  in  the  remark  column  in  respect  to  this  incident,  I  think — nay,  indeed,  I 
am  sure — that  you  may  accept  the  entry  as  a  genuine  one,  and  for  the  following 
reason  : — ^Throughout  my  meteorological  work  I  invariably  used  only  the  letter 
*<  m  **  for  mist  or  haze,  and  ^'  h  '*  for  hail.  In  this  case  the  letter  is  distinctly  a 
capital ''  H."  It  was,  and  is,  always  my  custom  to  put  the  letter  as  a  capital 
in  Uie  weather  column  of  my  private  journal  or  note  book  when  the  pheno- 
menon to  which  it  relates  is,  what  I  think,  extraordinary.  This  I  evidently 
thought  at  the  time." 

Curiously  enough,  the  remaining  tropical  records  are  very  much  like  that  of 
Capt.  Greenwood,  in  that  they  are  not  specially  commented  on  in  the  Remarks. 


L  cyclone 

on  the  previous  day,  and  about  the  time  of  the  entry  in  Question  the  wind,  which 
had  before  been  at  South  and  South-west,  came  out  at  North,  very  light,  the  sky 
being  overcast  with  cumulo-stratus  and  nimbus.  The  log  contains  severid 
instances  of  haze  represented  by  "  m,*'  and  hail  by  "  h,'*  but  here  the  observer 
gives  a  heavy  capital  H. 

On  February  6th,  1856,  the  ship  Queen's  Bill,  Capt.  A.  D.  Wood,  was  in  a 
cyclone  at  the  northern  extremity  of  the  Mozambique  Channel.  I  cannot  do 
better  than  present  in  tabular  form  the  particulars  as  entered  in  the  log.  The 
position  at  noon  on  this  date  was  lO"*  29^  S.,  43''  28'  E.,  and  at  8  p.m.,  l(f  59*  S., 
43**  42'  E.  (p.  239.) 

A  few  days  later,  on  the  9th,  Capt.  Wood  remarks,  *<  These  last  five  days  have 
been  excessively  disagreeable  as  regards  weather."  It  will  be  seen  that  no 
reference  is  made  to  hail  in  the  remarks,  but  the  general  character  of  the 
weather  points  to  "  h "  having  been  used  correctly.  In  other  parts  of  the  log 
the  letter  has  the  recognised  signification,  and  so  far  as  I  am  able  to  judge  the 
entry  ought  to  be  accepted  as  a  record  of  hail. 

The  ship  Seringapatam,  Capt.  Carrey,  had  the  weather  **opqrth*  on  May  5th, 
1877,  in  7°58'  N.,  74^7'  E. 

Whether  these  are  or  are  not  intended  for  hail  in  each  particular  case,  I  think 
we  must,  on  consideration  of  my  final  tropical  illustration,  banish  the  word 
"impossible"  from  our  minds,  I  find  Capt.  Houston,  of  the  ship  Florence^ 
giving  the  following  significant  facts  in  his  log  for  May  29th,  1871.  At  8  a.m. 
the  ship  was  10  miles  south  of  the  Equator,  in  longitude  90°23'  E.,  with  "very 
heavy  rain  which  was  like  ice  drops."  Prom  4  a.m.  to  8  p.m.  the  temperature 
of  the  sea  water  was  84',  the  air  temperature  being  80°  at  4  a.m.,  78°  at  8  a.m. 


Digitized  by 


Google 


HABRIE8 — THB  yfiEQUBMOY,  SIZE,  AND  DISTRIBUTION  OF  HAIL  AT  SBA.  289 


W 

m 

1 

_P_ 

(Toon 

N 

tp.m. 

NN^ 

)    ** 

WNl 

4    V 

W 

6    u 

N^ 

8    u 

NNV 

lO      „ 

J, 

Midt... 

t* 

and  81®  at  noon  and  4  p.m.  When,  however,  the  temperature  of  the  rain 
water  was  taken  it  was  found  to  be  52®,  or  32®  colder  than  the  sea.  There  is 
nothing  in  the  log  to  show  whether  the  temperature  was  that  of  the  rain  as  it 
fell,  or  whether  it  was  obtained  by  collecting  a  (juantity  of  water  in  a  bucket  or 
some  other  vessel  In  the  latter  case  we  can  quite  understand  that  a  delay  of  a 
few  minutes  would  mean  a  difference  of  some  degrees  in  the  record.  Taken  as 
it  stands,  the  observation  is  one  which  indicates  that  we  are  not  to  be  astonished 
if  some  day  we  unearth  a  notice  of  a  hailstorm  at  sea  right  on  the  Equator. 

As  regards  the  question  of  polar  frequency,  Mr.  Bnssell  concludes  (page 
62)  that  <<  Hail  is  almost  or  quite  unknown  in  the  Arctic  Regions,*'  and  that 
**  Thunderstorms  may  be  said  to  be  equally  rare  ;  "  and  on  page  154  we  are 
told  that  *'  In  the  Arctic  Regions  hail  is  almost  unknown."  Now  Arctic  and 
Antarctic  observations  are  not  so  numerous  as  to  justify  our  arriving  at  any 
definite  decision.  The  few  logs  I  have  handled  for  latitudes  between  60^  and 
65°  in  the  Northern  and  Southern  Hemispheres  contain  a  fair  sprinkling  of 
hail  records,  but  of  Arctic  logs  I  have  only  chanced  to  alight  on  one— the 
meteorological  register  kept  by  Mr.  Arnold  Pike  on  the  yacht  Sigg^n  during 
a  northern  cruise  in  1894. 

On  May  16th,  in  73®  N.,  18®  E.,  there  were  showers  of  snow  and  hail  at  8  a.m. 
and  noon.  At  noon  on  the  22nd  *'  a  very  little  soft  hail  fell  ;*'  at  8  p.m.  showers 
of  soft  hail ;  next  day  at  6  p.m.  "  very  fine  snow,  resembling  small  hail;"  and 
8  p.m.  ditto,  the  ship  during  these  two  days  being  between  76^®  and  76}®  N. 
U'^and  16®  E.  Off"  the  southern  cape  of  Spitzbergen  at  4.20  a.m.  on  June  1st, 
Mr.  Pike  recorded  **  snow  or  ice,  like  pieces  of  horsehair,  about  ^-in.  long,  fell 
for  10  minutes,"  and  from  4  a.m.  to  10  p.m.  "  a  very  few  flakes  of  snow  or  ice 
at  times."  At  9.15  p.m.  on  the  3rd,  in  the  same  place,  he  had  "  slight  snow 
until  11.30  p.m.  (like  short  pieces  of  hair)."  On  August  19th,  in  72i®  N., 
36^®  W.,  there  was  distant  thunder  in  east  south-east  at  5  p.m.,  and  at  midnight 
there  is  a  remark  *' distant  thunder  in  south-east  all  the  afternoon.  From 
10  p.m.  to  10.40  p.m.  a  severe .  thunderstorm,  with  rain,  passed  overhead  from 
south-east  to  north-west." 

Far  be  it  from  me  to  accept  this  record  as  deciding  that  every  ship  going 
beyond  the  latitude  of  IQP  must  necessarily  experience  hail  and  heavy 
thunderstorms,  I  merely  give  the  facts  to  show  that  the  phenomena  are  at 
least  not  '<  quite  unknown  " — an  occasional  visitor  can  prove  nothing  more. 
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I  have  now  shown  that  hail  is  possible  at  sea  in  all  latitudes  as  liar  as 
ships  go  north  and  sonth  of  the  Equator,  and  that  over  wide  belts  on  the 
polar  side  of  the  85th  parallel  it  is  familiar  to  seamen.  What  we  want  next 
is  a  theory  which  can  be  reconciled  with  the  abundant  testimony  available. 


NoTB.-^UNE  19th,  1895. 

Since  this  communication  was  placed  in  the  list  of  Papers  for  discussion 
at  this  Meeting,  I  have  consulted  the  following  publications  containing  infor- 
mation bearing  upon  the  question  of  hail  at  sea  :~i 

(1.)  Bemarks  explanatory  of  the  Charts  of  Meteorological  Data  for  the 
Ocean  District  adjacent  to  the  Oape  of  Good  Hope^  Official  No.  48,  pub- 
lished by  the  authority  of  the  Meteorological  Council.  Appendix  II.,  pp. 
78-84,  gives,  in  tabular  form,  the  frequency  of  the  various  weather  elements, 
clouds,  &c.,  in  spaces  of  5^  of  latitude  by  IQP  of  longitude  for  each  month 
of  the  year.  There  are  a  number  of  instances  of  hail  forming  from  10  to 
81  per  cent,  of  the  weather  observations. 

(2.)  Die  Aequatorialffrenxe  des  Schneefalis,  a  paper  by  Herr  Hans 
Fischer,  in  the  Leipzig  Mittheilungen  des  Vereins  fur  Erdkunde  for  1887, 
pp.  99-274.  This  is  a  discussion  of  the  equatorial  limits  of  snow  on  land 
and  sea,  but  Herr  Fischer  has  included  a  large  number  of  hail  records  in 
the  extracts  he  gives  from  the  meteorological  logs  at  the  Deutsche  Seewarte 
and  from  other  sources.  They  are  tabulated  separately  for  each  ocean  for 
the  winter  months,  and  in  the  main  confirm  the  results  arrived  at  in  this 
paper.  In  the  North  Atlantic  he  gives  hail  down  to  latitude  82^  N.,  in  the 
North  Pacific  to  Sl°  N.,  in  the  South  Atlantic  up  to  84^"^  S.,  and  in  the 
Indian  Ocean  to  88""  S. 

(8.)  Waamemingen  in  den  Indischen  Ocean,  Eoninklijk  Nederlandseh 
Meteorologisch  Instituut,  Utrecht.  This  publication  is  to  consist  of  four 
volumes  of  charts  showing,  for  the  Indian  Ocean,  the  results  obtained  from  a 
discussion  of  various  meteorological  data,  the  two  volumes  representing  re- 
spectively the -months  December  to  February  and  March  to  May  having 
already  been  issued.  One  chart  is  devoted  to  hail  percentages,  and  from 
this  it  is  evident  that  over  such  a  long  period  as  three  months  there  are  por- 
tions of  this  open  ocean,  far  removed  from  land,  where  hail  forms  25  per 
cent,  and  upwards  of  the  weather  records. 

Having  given  only  one  reference  to  North  Polar  observations,  it  may  be  of 
interest  to  add  another  for  the  Antarctic  regions.  In  the  log  of  H.M.8. 
Terror  I  find  several  entries  of  hail  beyond  the  60th  parallel  to  within  16° 
of  the  South  Pole,  or  nearly  to  the  most  southern  point  reached  by  Sir 
James  Boss.  Hail  was  experienced  on  January  21st,  1841,  in  74°  12'  8. 
170°  45'  E.,  and  on  February  25th,  1842,  in  74°  12'  S.  167°  W.— H.  H. 
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DISCUSSION. 

The  Hon.  F.  A.  B.  Russell  said:— In  the  first  place  I  wish  to  express  the 
pleasure  with  which  I  have  heard  the  paper  which  has  just  been  read.  It  deals 
with  a  subject  on  which  hitherto  very  little  light  has  fiEdlen  firom  authentic 
sources,  and  certainly  no  such  maritime  records  as  have  been  quoted  were 
within  mv  knowledge  when  I  wrote  my  book  On  Hail,  Now  it  appears  that 
mariners  have  for  more  than  40  years  been  registering  systematic  observations 
for  the  Meteorological  Office,  and  that  several  thousands  of  logs,  some  of  which 
make  mention  of  a  phenomenon  such  as  hail,  are  stored  in  Victoria  Street. 
These  logs  must  contain  many  treasures,  and  one  can  only  rejoice  when,  as  we 
have  seen  to-night,  these  "gems  of  purest  ray  serene"  are  brought  to  the  surfiEUse 
and  set  in  the  sunshine  of  our  SocieW. 

Before  proceeding  to  discuss  Mr.  Marries'  paper,  it  may  be  well  to  distinguish 
— ^for  perhaps  I  have  not  sufficiently  done  so  m  my  book — between  large  and 
small  hail.  It  was  the  large  or  summer  hail  with  which  I  dealt ;  disregarding 
the  small  hail,  graupel,  or  sleet,  of  cool  climates  or  seasons.  Mr.  Scott,  in  his 
Elementary  Meteorology^  says,  **Soft  haU  fisJls  chiefly  in  winter  and  spring. 
True  hail  is  a  very  different  thing.  It  is  usuaUy  composed  of  concentric  layers 
of  hard  and  soft  ice,"  &c.  .  .  "In  these  islands,  fortunately,  we  know  but  httle 
of  dedtmctive  hailstorms.  On  the  Continent  we  are  almost  everywhere  met  by 
the  firequent  advertisements  of  Hail  Insurance  Offices,  which  are  comparatively 
rare  here.  This  immunity  of  ours  is  due  to  our  insular  climate,  and  its  conse- 
quent fireedom  firom  extremes  of  temperature." 

Only  two  instances,  Mr.  Harries  states,  are  given  in  my  book  of  a  hailstorm 
on  the  water,  and  he  then  infers  that  since  the  extracts  cover  a  period  of  more 
than  two  centuries,  it  is  not  surprising  that  I  should  have  decidea  that  "  in  mid- 
ocean  it  is  almost  unknown."  Yet  I  know  weU  that  many  great  hailstorms 
might  occur  at  sea,  while  an  accurate  description  of  one  of  them  mif^ht  still  be 
'  wanting.  Further,  when  referring  to  my  **  Summary  of  Characteristics  of  Hail- 
storms and  Hailstones,"  he  quotes  me  as  having  written  **in  mid-ocean  it  [hailj 
is  almost  unknown."  The  actual  words  are  different:  "In  mid-ocean  it  is 
uncommon,"  the  previous  sentence  being,  "  In  the  Arctic  regions  hail  is  almost 
unknown,"  so  that  a  distinction  is  dearlv  drawn  between  "almost  unknown" 
and  "unconmion."  Then  he  speaks  of  the  upshot  of  theories  and  conjectures 
discussed  in  the  book  resolving  itself  into  a  law  which  declares  (p.  202)  that 
"  the  equability  of  the  ocean  temperature  and  the  usual  absence  of  comparatively 
verv  cold  masses  of  air  at  a  high  level  will  rarelv  aUow  the  development  of  great 
hailstorms  over  the  open  sea."  I  have  said  nothing  of  law.  This  is  an  opinion, 
and  I  am  inclined  to  defend  it. 

To  show  that  the  subject  which  I  treated  of  was  large  hail,  I  would  ask  the 
Fellows  to  observe  that  in  a  large  number  of  cases  of  hailstorms  described  the 
measurements  of  hailstones  are  ^ven.  In  going  through  ^ese  accounts,  I  find 
that  in  68  out  of  a  total  of  01  hailstorms  noted  in  the  first  chapter,  there  is  clear 
testimony  to  the  hail  being  of  very  large  size,  such  as  nuts,  walnuts,  eggs, 
apples,  oran^,  and  up  to  12  inches  in  circumference.  On  the  otiier  hand,  ue 
great  muonty  of  the  data  extracted  from  logs  in  this  paper  seem  to  be  reports 
of  small  haiL  When  one  observer  p;ives  110  records  of  nail  wbdle  running  about 
two-thirds  round  the  southern  hemisphere,  we  can  hardly  suppose  that  anythinff 
but  either  small  hail  or  sleet  is  referred  to,  else  the  deck  would  have  been  cleared 
of  its  crew.  The  hail  at  Eerguelen  on  24  days  out  of  70  fell  in  May  and  June, 
the  beginning  of  winter  or  end  of  autumn.  For  my  part  I  should  never  think 
of  doubting  that  small  hail  may  be  very  common  m  mid-ocean,  both  in  the 
northern  and  southern  temperate  zone.  1  have  myself  experienced  dense  hail- 
storms in  the  extreme  north  of  Scotland  in  September,  but  have  not  mentioned 
this  in  my  book. 

Further  on,  Mr.  Harries  adds  to  his  previous  misquotation  by  attributing  to 
me  the  theory  that  hail  at  sea  "is  almost  unknown,"  where  "  almost  unknown" 
should  be  "uncommon,"  and  "at  sea"  should  be  "in  mid-ocean."  His  con- 
tention, however,  is  perfectly  dear,  and  no  doubt  at  variance  with  the  belief 
expressed  in  my  book,  for  he  says  that  "great  hailstorms  are  often  met  with  on 
the  open  ocean."    He  then  gives  a  number  of  examples  of  great  hailstonns 
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during  a  period  from  1867  to  1891.  Twelve  of  the  twenty -two  mentioned  were 
great  hailstorms  within  my  meaning  of  the  term.  But  were  these  twelve  "in 
mid*ooean**?  No.  1  (Capt.  Jefifery)  certainly  was  in  mid- Atlantic.  l%e  only 
indication  of  the  size  of  the  hailstones  is  the  word  "  immense."  No.  2  (Capt. 
Peebles)  ooourred  apparently  about  800  or  400  miles  from  the  African  contment, 
which  I  should  hardly  describe  as  mid-ocean.  I  pass  by  the  Shun  Lee  observation, 
for  though  it  was  in  mid-Atlantic,  the  hailstones  were  only  as  big  as  large  peas. 
No.  8  (Gapt.  Gray)  was  very  near  Cape  Horn,  and  No.  4  (Capt.  Gray)  apparently 
within  about  200  miles  of  land.  No.  6,  in  42°  S.  60°  W.,  was  about  the  same 
distance  from  land.  No.  6  (Capt.  McBitchie)  was  apparently  about  200  miles 
from  land.  No.  6a  (Capt.  McBitchie)  wm  a  good  mstance,  say  1,000  miles 
from  land.  No.  7  (Capt.  Gales)  was  close  to  Cape  Horn,  and  the  same  remark 
appUes  to  the  next  observation  made  by  his  brother  near  the  same  position,  an 
interesting  note  of  "large  snowballs*'  in  October.  No.  8  (Capt.  Eerr)  was  appa- 
rently 100  or  200  miles  from  the  Cape  of  Good  Hope,  a  fall  of  pieces  of  ice  of 
great  size,  about  2  inches  square,  accompanying  a  waterspout  and  a  terrible 
ash  of  lightning.  No.  9  (Capt.  Wight)  was  in  a  similar  position.  No.  10 
(Capt.  Wilson)  was  in  mid-ocean,  but  the  splinters  of  ice  were  only  half-an-inch 
in  length.  No.  11,  in  the  Bay  of  Biscay,  was  apparently  about  150  miles  from 
the  coast  of  Brittany.  The  distances  from  land  above  given  are  merely  from 
rough  measurements  on  a  chart,  but  I  hope  not  very  far  wrong.  The  only  other 
ludlstorms  of  a  severe  character,  as  regards  the  size  of  hailstones,  mentioned  in 
tiie  remainder  of  Mr.  Harries'  paper,  are  one  observed  by  Capt.  W.  C.  Smith, 
dose  to  the  coast  of  Natal,  and  one  by  Capt.  Carruthers,  about  400  miles  from 
the  South  American  coast.  In  this  case  the  hail  is  described  as  of  an  "  extra- 
ordinary size,"  but  the  largest  seems  to  have  measured  no  more  than  "half-an- 
inch  square.'* 

Thus  we  have  finaUy  a  record  in  this  paper  of  14  hailBtorms  at  sea,  which  by 
the  test  I  have  mentioned  might  be  described  as  great.  Of  these,  only  four  seem 
to  have  been  more  than  about  800  miles  from  laud,  and  only  three  more  than 
about  400  miles  from  land.  These  three  are  Capt.  Jeffenr's  of  March  14th, 
1888,  in  41°  N.  48°  W. ;  Capt.  Wilson's  (pieces  of  ice  like  splinters  i  in.  in 
length),  in  41°  S.  49°  E. ;  and  Capt.  McBitcnie's  (*'  hailstones  as  large  as  mar- 
bles ")» in  88°  S.  2°  E.  Thus  no  record  remains  of  hailstones  in  mid  ocean,  or 
more  than  500  miles  from  a  continent,  in  which  the  hailstones  were  more  than 
}  in.  long.  And  I  have  seen  no  account  of  great  hailstones  of  such  a  size  on 
any  of  the  small  non-mountainous  islands  lying  in  the  vast  central  areas  of  the 
ocean.  On  the  other  hand,  in  the  61  instances  I  have  ^ven  of  storms  on  land, 
the  average  size  of  the  hailstones  would  be  about  H  in.  m  diameter ;  many  were 
over  2,  and  some  over  8  ins. 

The  influence  of  a  continent  is  certainly  considerable  within  600'miles  distance 
on  the  ocean :  firstly,  by  reason  of  the  masses  of  heated  or  cooled  air  which  may 
be  transported  so  fiar  in  a  single  day ;  and  secondly,  perhaps  principally,  in  rela- 
tion to  hail,  by  reason  of  their  deflecting  great  ocean-currents  so  as  to  bring 
warm  and  cold  waters  alongside  each  other.  Southernmost  Africa  has  the  effect 
of  bringing  the  equatorial  and  polar  currents  into  proximity  within  a  few  hun- 
dred miles  south  of  the  land,  and  it  is  not  surprising  that  the  resulting  differences 
of  neighbouring  air  masses  should  give  rise  to  storms.  Similarly,  the  dense  fSogs 
off  the  coast  of  Newfoundland  and  a  long  way  out  to  sea  are  produced  by  the 
deflection  of  an  Arctic  current  so  as  to  flow  along  the  borders  of  the  warm 
current  from  the  south. 

Mr.  Harries  has  proved  in  this  paper  that  hail  has  often  been  encountered  at 
sea,  and  especially  that  certain  lai^e  areas,  such  as  the  tract  of  ocean  south  and 
south-east  of  the  Cape  of  Good  Hope,  are  subject  to  great  hailstorms,  and  I 
fblly  admit  that  he  has  shown  these  to  be  more  prevalent  than  I  had  supposed, 
and  acknowledge  the  value  of  this  interesting  contribution. 

Capt.  M.  W.  0.  Hbpwobth  said: — ^Being  one  of  those  who  for  years  have  been 
keepmg  some  of  those  "  gems,"  as  Mr.  BusseU  has  satirically  termed  them,  I 
wish  to  say  that  we  who  have  been  keeping  these  Meteorological  Logs  have 
been  under  the  impression  that  we  were  materially  aiding  in  the  good  cause. 
The  wind  and  current  charts  I  would  remind  Mr.  BusseU  were  drafted  from  logs 
kept  by  seamen.  Hail  is  by  no  means  an  uncommon  occurrence  at  sea,  and 
even  in  the  tropics  I  have  seen  it  more  than  onoe. 


Digitized  by 


Google 


DiSOUSnON — TBB  FBBQtTBHOt.  BStB^  AMD  DtSTBIBttTIOlf  OP  HAIL  AT  8BA.        ^4^ 

Daring  a  thnnderstom  in  the  Bed  Sea,  when  the  Telegraph  Steamer 
Eibemia  was  laying  tiie  dnplicate  Bombay  Gable  in  1876,  hail  fell.  In  a 
private  abstract  log  of  mine  observations  of  weather  are  recorded  daily  for  noon 
at  sea  to  many  past  years. 

Bidn,  hail  and  snow  occur  less  frequently  at  sea  at  abont  noon  than  at  any 
.other  period  during  the  24  hours,  so  that  although  my  records  do  not  support 
Mr.  Harries*  contention  as  regards  the  frequency  of  hail  at  sea,  the  position  in 
which  they  were  recorded  may  be  considered,  and  as  bearing  upon  the  subject. 

By  referring  to  my  abstract  I  find  that  in  1,526  days  at  sea  hail  was  recorded 
at  noon  21  times.  My  abstract  is  of  voyages  made  to  many  parts  of  the  world ; 
but  I  should  mention  that  18  passages  were  to  Australia  via  the  Gape  of  Good 
Hope,  and  that  12  of  the  return  passages  were  made  via  the  Suez  Ganal,  and 
one  via  Gape  Horn.  Other  voyages  were  to  India,  Ghina,  Japan,  the  Straits 
Settlements,  America,  and  other  parts. 

Out  of  21  h*8  that  I  find  recorded  at  noon,  14  are  in  the  South  Indian 
Ocean  between  Gape  Point  and  46°  S.,  three  in  the  South  Pacific  Ocean,  between 
New  Zealsmd  and  6T  S. — on  the  only  passage  home  made  that  way,— and  four 
in  the  North  Atlantic  between  Ushant  and  40°  N.  The  17  cases  of  hail  at 
noon  recorded  in  the  Southern  Oceans  occurred  either  in  the  trough,  or  inmie- 
diately  in  rear  of  the  trough  of  systems  of  low  pressure. 

HoJl-squallB  are  conunon  enough  on  the  Nortn  Atlantic  on  the  "  Ash  .Tracks  " 
— if  I  may  use  a  sailor*s  expression — ^between  England  and  America.  I  can 
vouch  for  that. 

Mr.  H.  Habbies,  in  reply,  said  that  in  quoting  from  page  154  of  On  Hail,  he  had 
inadvertently  taken  **  idmost  unknown  "  from  one  line  instead  of  "  uncommon  " 
in  the  next,  l^e  correction,  however,  introduces  no  difOiculty,  for  it  is  now 
shown  that  hail  is  one  of  the  most  common  of  the  phenomena  recorded  in 
manv  parts  of  the  open  ocean.  With  regard  to  Mr.  Bussell's  view  that  we 
should  take  the  expression  *'  mid-ocean  *'  in  its  narrowest  sense,  it  is  sufficient 
to  say  that  ships  usuaJly  foUow  certain  well-known  tracks,  and  it  is  only  by 
chance  that  the  centre  of  any  particular  ocean  is  visited :  see  page  8  of  the 
Report  of  the  Meteorological  Council  for  the  year  ending  March  81st,  1889,  where 
it  IS  stated  that  '*  the  anticydonic  regions  of  the  great  oceans,  •  .  .  charac- 
terised by  calms  and  light  winds,  are  practically  avoided  by  navigators."  Then 
as  to  the  suggestion  that  great  hailstorms  should  be  considered  as  storms  in 
which  the  hailstones  are  very  large,  he  (Mr.  Harries)  doubted  very  much 
whether  anyone  would  support  that  view.  Many  English  and  Gontinental 
hailstorms  are  very  severe  and  very  destructive,  and  yet  the  stones  are  of  the 
most  ordinary  size.  The  violent  storm  which  burst  over  Vienna  and  other  parts 
of  Austria  a  year  ago  does  not  appear  to  have  been  remarkable  for  the  size  of 
the  stones  which  feU,  but  it  certamly  was  a  very  great  hailstorm  to  aU  that,  the 
guges  registering  from  1  in.  to  If  in.  of  water  in  little  more  than  half-an-hour. 
The  2  ins.  of  hail  in  a  few  minutes  noted  b^  Gapt.  Grav,  and  the  3  ins.  in  20 
minutes  by  Gapt.  Holdich,  nearly  1,200  nules  from  the  Brazilian  and  New 
Zealand  coasts  respectively,  would  have  been  considered  perfect  avalanches  had 
they  occurred  anywhere  on  land.  There  is  no  necessity  to  enter  into  details  as 
to  uiips  and  d^tes,  but  the  logs  show  that  tremendous  falls  of  haU,  large  hail 
noted  in  many  cases,  occur  in  the  North  Atlantic  between  25°  and  40°  W.,  in  the 
South  Atlantic  between  10°  and  80°  W.,  in  the  Indian  Ocean  between  50°  and 
100°  E.,  in  the  South  Pacific  between  90°  and  160°  W.,  and  in  th&  North  Pacific 
about  the  longitude  of  180°,  in  positions  which  are  from  1,000  to  2,000  miles 
from  the  nearest  GontinentsI  land.  Reference  is  made  in  the  paper  to  a  ship 
recording  hail  96  times  in  crossing  the  Indian  Ocean.  The  W  shows  the 
heaviest  fall,  the  entry  being  underlined  three  times,  to  have  been  during 
violent  squidls  in  48°  S.  52°  E.,  or  about  1,800  miles  from  the  African  coast. 
What  would  appear,  from  the  similarity  of  the  records,  to  have  been  a  hail- 
storm of  inomense  area  was  experienced  by  two  ^vessels  during  a  heavy  Westerly 
gale  in  mid-ocean  in  July  1877.  The  ship  Tarandki  had  excessively  violent 
squalls  of  hail  and  rain  at  4  p.m.  on  the  1st  in  41}°  S.  56^°  E.,  and  out  of 
21  weather  entries  down  to  midnight  of  the  4th,  in  40^°  S.  77°  E.,  a  run  of 
960  miles,  hail  was  registered  14  times.  The  ship  Pomona  ran  into  the  heavy 
hail  squaUs  at  4  a.m.  on  the  2nd,  in  46}°  S.  71°  E.,  and  out  of  24  weather  entries 
down  to  midnight  of  the  5th,  in_47f°  S.  96}°  E.,  a  run  of  1 000  miles,  hail 
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was  restored  16  times.  The  heaviest  part  of  this  hailstonn  was  at  aboat 
2,000  miles  from  the  African  and  Australian  coasts  respeotiveljr.  It  will  be  seen 
that  the  points  at  which  the  vessels  first  enoonntered  the  haol  were  700  miles 
apart,  and  the  points  at  which  the  hail  ceased  900  miles  apart.  It  might  be  of 
interest  to  note  that  while  on  land  the  tendency  is  for  hailstorms  to  occur  in  tiie 
afternoon  or  evening,  the  evidence  in  the  logs  shows  that  at  sea,  where  the  daily 
range  of  temperature  is  comparatively  very  smaU,  they  seem  to  be  fairly  dis- 
tributed over  the  24  hoars,  often  with  and  often  without  thunder  and  lightning. 
We  sometimes  read  of  rain  from  a  cloudless  dcy ;  but  in  the  course  of  this  in(|uiry 
he  (Mr.  Harries)  had  only  noticed  one  instance  of  hail  under  similar  conditions. 
In  September  1888,  m  Sli""  S.  88}''  W.,  the  barque  Caldbeck  had  a  succession  of 
heavv  hail  squalls  for  about  eight  hours,  the  cloud-form  being  "  cum,"  amount  % 
weather  "  b  h,"  three  entries  of  each,  the  observer  remarking  that  the  "  cum  "  was 
on  the  horizon,  the  sky  aloft  being  dear.  Gapt.  Hepworth  has  mentioned  a 
fisdl  of  hail  in  the  Bed  Sea,  but  the  log  of  the  ss.  Hibemia  for  November  16th, 
1876,  while  it  describes  a  severe  thunderstorm  with  vivid  forked  lightning  and 
very  heavy  rain  between  9.80  and  10.80  a.m.  in  21*'  N.  88°  E.,  does  not  make  any 
mention  of  hail.  There  was,  however,  a  sharp  drop  in  the  shade  temperature — 
8  a.m.  88°-6;  noon,  88°-2;  4  p.m.  86°-5. 

Gapt.  D.  Wilson-Babkeb  wrote  that  he  had  not  been  struck  by  any  ap- 
parent difference  between  the  amount  or  frequency  of  hail  at  sea  and  on  land. 
He  sent  the  following  extract  from  a  letter  he  had  received  from  Gapt.  D. 
Morton,  of  the  Telegraph  Ship  Dacia^  June  14th,  1895:~**On  February  6th 
last,  while  repairing  the  Spanish  National  Gable,  we  had  to  seek  shdter  m  the 
Port  of  Mazighan,>  in  lat.  88n5'*6''  N.  long.  8''26'*6"  W.  On  the  morning  of  the 
6A,  about  10.80  ajn.,  we  experienced  a  heavy  fall  of  hail,  which  lasted  for 
about  10  minutes,  the  hailstones  being  the  largest  I  have  ever  seen,  being  about 
the  size  of  marbles.  The  barometer  on  board  at  this  time  stood  at  29*515  ins., 
dry-bulb  57^*5,  wet-bulb  57°,  wind  fresh  from  West.  The  fact  that  such  a  thing 
was  unknown  in  this  port  at  any  former  time  may  make  it  interesting." 

Admiral  J.  P.  Maclear,  who  was  unable  to  remain  for  the  discussion,  wrote 
that  he  had  examined  the  Challenger  observations  during  her  8^  years'  cruise, 
and  found|  six  entries  of  hail,  viz.  January  27th,  1878,  60  miles  west  of  Gibral- 
tar :  8  p.m.,  hail  sauall  from  West-north-west ;  May  15th,  1878,  at  HaUfiix : 
"  h  "  recorded  ;one  hour ;  January  5th,  1874,  lat.  48°  S.,  long.  62°  E. :  10  p.m.," 
heavy  hail  squaU,  during  which  wind  shifted  to  South-south-east;  January 
22nd,  1874,  at  Eerguelen  island  :  1.30  a.m.,  a  sharp  hail  shower ;  January  25th, 
1876,  at  Port  Stanley,  Falklands :  **h"  recorded  one  hour ;  February  10th,  1876, 
lat.  44°  S.,  long.  56°  W. :  0.80  a.m.,  a  hail  squall,  7.80  pjn.,  heavy  squall  with 
hail. 
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PROCEEDINGS  AT  THE  MEETINGS 
OF  THE  SOCIETY. 


May  15ih,  1895. 

Ordinary  Meeting, 

Richard  Inwards,  F.R.A.S.,  President,  in  the  Chair. 

Lt.-Col.  Harloybn  Morlbt  Saundbrs,  Oakfield,  The  Park,  Cheltenham, 
was  bfdloted  for  and  duly  elected  a  Fellow  of  the  Society. 

The  following  communications  were  read : — 

**  Thb  Noybmbbr  Floods  of  1894  in  thb  Tham bs  Vallbt."    By  G.  J. 
Stmonb,  F.R.S.,  and  G.  Chattbrton,  M.A.,  MJustCE.    (p.  189.) 

'^  BaROM BTRIGAL   CHANGES    PRBCBDING   AND    AOGOMFANYING    THB    HBAVY 

Rainfall  of  Noybmbbr,  1894."    By  F.  J.  Brodib,  F.R.Met.Soc.    (p.  209.) 

"A   Natural   Thermombtbb."     By   Rev.  Fenwick   W.    Stow,   M.A., 
F.R.Met.Uoc.    (p.  214.) 


June  19tii,  189S. 
Ordinary  Meeting. 

Richard  Inwards,  F.R.A.S.,  President,  in  the  Chair. 

Stratton  Collings  Knott,  H.B.M.  Vice-Consul,  Mojanga,  Madagascar ;  and 
Roland  Fillings,  F.R.  A.S.,  Secretary,  Meteorological  Commission,  Cape  Town, 
were  balloted  for  and  duly  elected  Fellows  of  the  Society. 

The  following  communications  were  read : — 

"  Hourly  Variation  of  Sunshine  at  Sbyen  Stations  in  the  British 
Isles.'*    By  Richard  H.  Curtis,  F.R.Met.Soc.    (p.  216.) 

"The  Frequency,  Size,  and  Distribution  of  Hail  at  Sea.*'    By  Hbnry 
Harries,  FJt.Met.Soc.    (p.  230.) 
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CORRESPONDENCE  AND  NOTES. 

Weather  Barean,  Washington.— Prof.  Mark  W.  Harrington  has  retired 
from  the  post  of  Chief  of  the  U.S.  Weather  Bureau,  and  Prof.  Willis  L.  Moore 
has  been  appointed  as  his  successor. 

Prof.  Moore  entered  the  Signal  Service  School  at  Fort  Mjer  in  1876,  and 
ranked  second  in  a  graduating  class  of  thirty  members.  In  1886  he  was  made 
a  Sergeant  on  account  of  his  having  devised  certain  improved  methods  of  issuing 
the  daily  weather  forecasts  and  maps.  After  being  stationed  at  Chicago,  SI., 
and  Albany,  N.Y.,  Prof.  Moore  wm  transferred  to  the  Central  OfiBce  in  Wash- 
ington, where  he  remained  till  1891.  In  that  year  he  was  transferred  to 
Minneapolis,  Minn.,  and  later  to  Milwaukee^W^is.,  at  which  places  he  was  Local 
Forecast  Official  and  Director  of  the  State  Weather  Services.  During  the  past 
year  Prof.  Moore  entered  the  competitive  examination  for  a  professorship  in  the 
Weather  Bureau,  and  attained  the  highest  rank  among  the  ten  candidates  who 
had  stood  best  in  the  examination,  and  were  therefore  selected  to  compete  in 
practical  forecasting.  His  attainment  of  this  rank  gave  him  the  professorship. 
Since  his  appointment  as  professor,  the  present  Chief  of  the  Weather  Bureau 
has  been  Local  Forecast  Official  at  Chicago,  111.,  where  during  the  past  winter 
he  made  a  very  fine  record  in  his  cold  wave  lorecasts. — American  Meteorological 
Journal, 

The  Sonnblick  Obaervatory. — A  general  meeting  of  the  Sonnblick  Verein 
was  held  on  April  6th.  The  President,  Colonel  £dler  von  Obermayer,  was  able 
to  report  an  increase  in  the  number  of  members,  but  urged  the  necessity  of 
obtaining  still  wider  support  in  the  future.  A  paper  on  the  scientific  results  of 
the  Sonnblick  observations  up  to  the  present  time  was  read  by  Dr.  W.  Trabert. 
First  must  be  placed  the  startling  result  reached  by  Hann,  chiefly  from  a  discussion 
of  the  Sonnblick  observations,  that  the  central  column  of  air  in  a  cyclonic  system 
does  not  ascend  by  reason  of  relatively  higher  temperature,  being  in  fact,  colder 
than  the  air  surrounding  it ;  nor  does  the  air  in  the  descending  current  of  an 
anti-cyclone  attain  its  greater  relative  density  b^  reason  of  lower  temperature. 
This  conclusion  produced  almost  a  revolution  in  the  domain  of  dynamical 
meteorology,  as  it  was  practicallv  a  death-blow  to  what  was  known  as  the  con- 
vectional  theorv  of  cyclones.  Dr.  Trabert  gave  an  account  of  some  researches 
made  by  himself  on  the  warming  of  the  air  by  direct  absorption  of  the  sun*s 
heat  at  a  mountain  summit.  The  results  which  have  already  oeen  published  in 
full,  show  that,  as  at  lower  levels,  the  air  is  chiefly  warmed  bjr  convection  from 
the  earth*s  surface.  Hann  has  further  succeeded  in  estimating  the  daily  range 
of  temperature  in  the  free  air  not  affected  by  ascending  and  descending  currents 
from  mountains — an  investigation  which  was  always  supposed  to  involve  observa- 
tions from  balloons.  In  a  zone  such  as  that  between  the  summits  of  the 
Sonnblick  and  Mont  Blanc,  the  daily  range  was  found  to  amount  to  only  1^. 
Hann  further  points  out  than  the  Sonnblick  observations  agree  with  those  of 
other  mountain  stations  in  throwing  considerable  doubt  on  modem  theories 
ezplidning  variations  of  wind  velocity.  Investigations  more  in  the  domain  of 
pure  physics  have  been  made  by  Elster  and  Geitel,  on  the  nature  of  St.  Elmo's 
fire,  the  atmospheric  absorption  of  the  ultra-violet  rays,  etc.  Trabert  and 
Fernter  are  at  present  engaged  in  an  extensive  work  desiing  with  the  general 
geographical  relations  of  the  results  just  enumerated.— TA^  Geographical 
Journal, 

A  Hiffh-Level  Observatoiy  in  Tasmania.— In  May  last  Mr.  Clement  L. 
Wragge  induced  the  Government  of  Tasmania  to  establish  a  meteorological 
observatory  on  Mount  Wellington,  four  miles  in  a  straight  line  from  Hobart. 
At  the  Springs,  2,495  feet  above  sea-level.  Constable  Gadd's  quarters  were  fixed 
on  as  a  half-way  observatory,  and  thermometers  and  a  barometer  will  shortly  be 
placed  there.    Later  on  a  barograph,  thermograph,  and  hydrograph  will  be  set 
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ttp  at  the  Springs.  When  the  party  arrived  at  the  sammiti  4,166  feet  above  sea- 
level,  a  cairn  already  commenced  to  protect  the  inBtruments  on  a  pile  of  jagged 
rock,  150  yards  west  of  the  pinnacle,  was  completed.  Here  the  instraments 
were  placed,  most  of  them  self -registering,  and  of  the  latest  and  most  approved 
^pes,  an  enlarged  Stevenson  screen  bein^  ased  for  the  thermometers,  as  at 
Hobart  and  the  Springs.  In  the  meantime  tney  will  be  read  once  a  week,  but  a 
permanent  observatory  is  in  course  of  erection,  and,  when  it  is  finished,  observa- 
tions will  be  recorded  daily.  The  thermometer  on  the  summit  marked  42° 
at  3  p.m.  Mr.  Wragge  was  assisted  in  carrying  up  the  instruments  by  Mr. 
Kingsmill,  of  the  Hobart  Observatory,  and  by  Captain  Balfour,  of  the  Penguin, 
who  placed  six  sailors  at  his  disposal. — Scottish  Geographical  Magazine, 

Fogs  in  the  North  AUantio.— In  the  Pilot  Chart  for  July  the  U.S.  Hydro- 
graphic  Office  gives  twelve  monthly  charts,  which  represent  graphically  the 
regions  where  fog  was  experienced  most  frequently  on  the  North  Atlantic 
during  1894,  as  shown  by  reports  from  the  voluntary  observers  of  the  Hydro- 
graphic  Office.  This  year  can  be  taken  as  a  typical  one  to  illustrate  the  fog 
areas  at  the  different  seasons.  During  January,  February,  and  March,  fog  is 
experienced  on  the  Great  Banks,  and  to  the  westward,  but  not  in  large  quantities. 
During  April  it  begins  to  extend  to  the  northward  and  eastward,  increasing  in 
frequency  as  the  spring  advances,  and  reaching  its  maximum  generally  in  June 
or  tfuly,  during  which  months  it  may  be  expected  an3rwhere  between  the  Ameri- 
can coast  and  the  British  Isles  in  large  areas  and  of  long  duration.  In  August 
the  fog  begins  to  dissipate  in  the  eastern  part  of  the  ocean,  and  in  September 
the  decrease  is  very  perceptible.  During  the  remaining  three  months  itiaUs  to 
the  minimum  again. 


RECENT    PUBLICATIONS. 

American  Meteorological  Journal.    June-Angnst  1895.     8vo. 

The  principal  articles  are  :— The  Thermophone :  by  H.  E.  Warren  and  G.  C. 
Whipple  (16  pp.).  This  is  a  description  of  a  new  instrument  for  obtaining  the 
temperature  of  a  distant  or  inaccessiole  place.  The  authors  also  give  an  account 
of  some  observations  which  have  been  made  with  the  instrument,  on  the 
temperature  of  surface  waters.— California  electrical  storms :  by  J.  D.  Parker 
(5  pp.).— The  Augusta,  Ga..  tornado  of  March  20th,  1895 :  by  W.  J.  Wambaugh 
(6  pp.). — Psychic  effects  of  the  weather :  by  C.  A  Beals  (7  pp.*). — The  geogra- 
phical distribution  of  the  maximum  and  minimum  hourbr  wind  velocities,  and 
their  relations  to  the  average  daily  wind  velocities  for  January  and  July, 
for  the  United  States :  by  Dr.  F.  Waldo  (15  pp.). — Relation  of  clouds  to  rainfall : 
by  H.  H.  Clayton  (7  pp.).  During  1887  and  1888  hourly  cloud  observations 
were  taken  at  the  Blue  Hill  Observatory,  with  but  few  omissionB,  for  16  hours 
of  each  day  between  7  a.m.  and  11  p.m.  From  an  analysis  of  these  observations 
the  author  is  of  opinion  that  cloud  forms  cannot  in  general  be  used  in  predicting 
rain  for  an  interval  exceeding  24  hours,  but  for  a  few  hours  in  advance  the 
existence  of  certain  cloud  forms  frequently  furnish  the  individual  observer 
more  reliable  indications  of  the  coming  rain  than  does  the  weather  map.  If  the 
detailed  cloud  forms,  the  pressure,  wind,  cloud  movements,  humidity,  &c.,  were 
considered,  the  forecasting  value  of  the  clouds  would  no  doubt  be  considerably 
increased. — ^The  meteorograph  for  the  Harvard  Observatory  on  El  Misti,  Peru : 
by  S.  P.  FergnsBon  (4  pp.).  As  it  is  impossible  to  maintain  observers  on  the 
summit  of  £1  Misti,  which  is  19,300  feet  above  sea-level,  this  special  self-recording 
instrument  has  been  devised  for  use  on  the  mountain.  The  clock  is  intended  to 
run  for  four  months  without  re- winding,  and  one  year's  supply  of  paper  can  be 
placed  upon  the  rolls  at  one  time. — ^Electrical  phenomena  in  a  dust  storm :  by 
F.  P.  GiUliver  (6  pp.). 
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Annuaire  de  la  8oeUU  MStSorologique  d$  France.     December  ISM-Janoary 
1895.    4io. 

Contains  :~Di8tribation  annaelle  des  orages  &  la  surface  da  globe  terreatre : 
par  A.  KloBSOTsky  (4  pp.). — Sur  I'aurore  bor^ale  da  13  novembro  1894:  par  A. 
Angot  (2  pp.). — Notes  sur  la  photographie  des  Naafes  :  par  A.  Angot  (5  pp.)- — 
De  la  dur6e  de  le  plaie  en  heures  an  Pare  Saint  liaar  et  A  Perpignan  :  par  F. 
Cosardevache  (4  pp.). — Variation  diume  de  la  frequence  de  la  plaie :  par  F. 
CoBordevache  (2  pp.).^Eclairs  du  19  ddcembre  1894 :  par  M.  Tardj  (2  pp.).— Lea 
orages  A  Montdidier  (Somme),  d'apr^s  lea  Drs.  Chandon :  par  V.  Ramin  (8  pp.). — 
Sur  la  diminution  progressive  des  pluiesdans  le  Calvados  :  par  Q.  Guilbert  (3  pp.)- 

BrUUh  BainfaU,  1894.    Compiled  by  O.  J.  Stmons,  F.B.S.,   and  H. 
SowBBBT  Wallis.    8vo.    1895. 

This  work  increases  in  value  year  by  year.  It  was  started  in  1860  with 
records  from  168  stations.  The  present  volume  for  1894  contains  records  from 
3,043  stations.  Notwithstanding  this  large  increase,  more  stations  are  reqaired 
in  Scotland,  and  especially  in  Ireland. 

The  total  rainfall  over  the  British  Isles  for  1894  was  aboat  6  per  cent  above 
the  average.  The  greatest  rainfall  was  166*22  ins.  at  The  Stve,  Cumberland, 
and  the  least  18*56  ins.  at  Leicester.  The  heaviest  fall  in  one  day  was  7*74  ina. 
at  Ben  Nevis  Observatory  on  February  6th. 

In  addition  to  the  usual  iDformation  on  the  rainfall  for  the  year,  the  volame 
contains  articles  upon  various  branches  of  rainfall  work,  among  which  may  be 
mentioned  **The  Dryness  of  years  ending  with  4,"  and  **The  October  and 
November  Floods." 

Journal  and  Proceedings  of  the  Eoyal  Society  of  New  South  Walei,     Vol. 
XXVm.     1894.     8vo. 

Contains  the  following  articles  on  meteorological  subjects: — An  Essay  on 
Southerly  Bursters:  by  H.  A.  Hunt  (48  pp.).— Current  Papers:  b^  H.  C. 
Russell,  F.R.S.  (12  pp.). — A  Map,  showing  the  average  Monthly  Rainfall  in 
New  South  Wales :  by  H.  C.  Russell,  F.R.S.  (3  pp.).— On  a  new  Velocity 
Recorder  and  its  application  to  Anemometry  and  other  purposes :  by  J.  A. 
Griffiths  (9  pp.). 

Meteorologisehe  Zeitechrift.   Redigirt  von  Dr.  J.  Hann  and  Dr.  G.  Hellkank. 
May  and  Jane  1895.    4to. 

The  principal  articles  are: — Wolkenbildung  durch  das  Nordlicht :  von  Dr.  A. 
Paulsen  (9  pp.).  The  author  cites  numerous  utterences  of  older  writers  like 
Bravais  and  Weyprecht  on  the  analogies  between  aaroras  and  certain  cloud  forms. 
It  is  well  known  to  most  observers  that  cirrus  cloud  occasionally  appears  just 
like  the  rays  of  an  aurora,  and  Dr.  Paulsen  quotes  reports  from  Dr.  Hildebrandsson 
of  luminous  clouds  which  appear  and  disappear  suddenly  :  and  he  endeavours  to 
prove  that  all  the  clouds  which  resemble  auroras  are  really  only  ordinary  clouds 
of  water  or  ice  dust,  which  owe  their  existence  to  the  auroral  discharge,  and  are 
illuminated  by  it.  It  is  a  known  fact  that  the  discharge  from  a  cathode,  when 
absorbed  in  the  atmosphere,  generates  ozone  freely,  and  this  condenses  aqueous 
vapour.  If  we  imagine  an  aurora  immoveable,  it  would  envelope  itself  in  a 
cloud,  and  accordingly  Weyprecht's  statement  that  auroras  which  are  indistinct 
have  no  action  on  the  magnetic  needle  appears  well  founded.  The  aurora, 
according  to  Dr.  Paulsen,  is  closely  similar  to  the  cathode  discharge. — Ueber 
die  £rmittlung  der  Temperatur  und  Feuchtigkeits-Unterschiede  zwischen 
Wald  und  Feld  :  von  £.  Ebermayer  (6  pp.).  This  is  an  interesting  account  of 
observations  carried  out  by  means  of  Assmann's  a^irator  at  Eberswalde.  These 
show  very  much  lower  differences  between  the  forest  and  the  clearances  than 
resulted  from  the  ordinary  thermometer  screen.  But  Dr.  Ebermayer  goes  on  to 
show  that  this  result  is  mainly  due  to  the  type  of  screen  in  ase  in  North 
Germany,  and  that  the  results  obtained  from  the  mode  of  exposure  in  Bavaria 
agree  very  closely  with  those  obtained  by  the  aspirating  apparatus. — ^Der  Fohn 
yom  13  Januar  1895  am  Nordfuss  der  Alpen  and  me  Bildung  einer  Theildepres- 
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Bion  daselbflt :  von  R.  Billwiller  (9  pp.).  This  is  an  interesting  account  of  the 
appearance  of  the  fohn  in  Switzerland  in  the  middle  of  January.  Dr.  Billwiller 
describes  the  conditions  prevailing  over  Central  Europe  during  the  frost  of  the 
first  part  of  January,  and  shows  how  the  appearance  of  a  depression  off  the 
West  of  Ireland  gradually  made  its  influence  felt  as  far  as  Switzerland,  and 
drew  the  air  over  the  Alps.  The  fohn  appeared  first  at  the  lowest  pass  of  the 
St.  Gothard,  and  subsequently  at  others,  following  according  to  their  altitude. 
According  to  the  author,  the  fohn  distinctly  gave  rise  to  a  secondary  depression 
over  Switzerland,  whereas  M.  Hubert,  in  his  paper  on  the  fohn  and  sirocco, 
states  that  the  local  depression  produced  the  fohn. 

Sitzungsberichte   der   kaiserlichen   Akademie   der    Wis8$ruteha/ten   in  Wien. 
Band  CIV.  Abth.  II.     AprU  1895.     8vo. 

Contains  a  paper  by  Dr.  Hann,  **  Die  Verhaltnisse  der  Luftfeuchtigkeit  auf 
dem  Sonnblickg|ipfel "  (51  pp.^.  This  is  an  analysis  of  the  records  of  a  Richard 
hydrograph,  which  has  been  m  use  at  the  observatory  on  the  Sonnblick  since 
September  1898,  so  that  two  full  winters  have  been  available  for  the  discussion. 
Dr.  Hann  expresses  himself  as  thoroughlv  satisfied  with  the  performance  of 
the  Richard  instrument,  having  compared  it  carefully  with  Koppe*s  hair  hygro- 
meter, and  with  the  dry  and  wet  bulb  psychrometer.  He  points  out  that  as  a 
rule  at  mountain  stations  the  annual  course  of  relative  humiditv  is  the  opposite 
to  that  which  prevails  at  low  level  stations,  for  the  minimum  falls  in  winter  and 
the  maximum  m  summer.  The  author  fives  tables  of  the  diurnal  range  of  the 
relative  humidity  in  the  different  months  and  its  relation  to  sunshine,  and  to 
clear  and  cloudy  days  resnectively,  and  concludes  the  paper  with  a  discussion  of 
the  phenomena  observed  auring  periods  of  great  dryness. 

8ymon$^9  Monthly  Meteorological  Magazine.    Jane-September  1895.     8vo. 

The  principal  articles  are : — Rainfall  Observations  in  China,  1886-92 :  by  M. 
le  Prof.  Raulin  (3  pp.).  The  author  has  summarised  the  observations  collected 
and  published  by  Dr.  Doberck,  of  the  Hongkong  Observatory.  The  mean 
annual  rainfall  is  small  in  the  North,  and  increases  greatly  towards  the  South. 
From  about  20  inches  in  the  Gulf  of  Pe-chi-li  it  becomes  double  that  in  the  Delta 
of  the  Yang-Tse-Kaing,  and  going  about  500  miles  up  the  river  it  is  58  inches 
at  Hankow.  Continuing  along  the  coast  it  is  about  45  inches,  but  reaches  68 
inches  at  Ningpo.  At  Canton  it  is  66  inches,  in  the  north  of  the  island  of 
Hainan  54  inches,  in  Formosa  it  ranges  from  60  to  90  inches  ;  but  at  Eeelung 
the  north-east  point  it  reaches  148  inches. — Earth  Temperature  and  Water 
Pipes  (2  pp.).— The  Dryness  of  the  first  half  of  1895  (3  pp.).  It  appears  that 
the  greatest  deficiency  of  rainfall  was  slightly  to  the  north-east  of  London. — 
Indelible  Degree  Marks  on  Thermometers  (2  pp.).  This  describes  an  invention 
recently  brought  out  by  Mr.  J.  J.  Hicks  for  securing  an  imperishable  scale  for 
thermometers. — ^The  Rainfall  of  Belgium  (4  pp.). — Aqueous  Vapour  and  Tem- 
perature :  by  J.  R.  Sutton  (3  pp.). — The  Yorkshire  Whirlwind  of  August  10th 
(5  pp.).— Temperature  of  European  Rivers  :  by  H.  N.  Dickson  (2  pp.). 
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